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WESTERN DIGITALCORPORAT/ON
System Product Quality/ Reliability

QUALITY PROGRAM DESCRIPTION

The Quality Organization siiown on tlie attached
organization chart (Figure 2) reports directly to the

President of Western Digital. It assures compliance
to design control, quality and reliability specifica-

tions pursuant to corporate policy. Quality assurance
provisions are derived in part from MIL-Q-9858, as
applied to high grade commercial products.

CORPORATE QUALITY POLICY

It is the policy of Western Digital Corporation that

every employee be committed to quality excellence

in producing products/processes which conform to

acceptable requirements. The total quality program is

managed and monitored by the quality assurance
organization. Quality assurance is chartered to re-

view marketing product requirements, qualify hard-

ware and software designs, certify manufacturing
operations and monitor performance/control con-

formance to product specifications.

Primary responsibility for execution of the quality

program rests with functional organizations to de-

sign, produce, and market high quality and high relia-

bility products specified to our customers.

DESIGNING FOR RELIABILITY

The premise upon which board and system manufac-
turing operations are based is that quality is planned
and designed-ln, not screened-in or selected. A well-

tested, high-quality design is far more reliable than a
marginal design with any amount of burn-in or fixes.

To assure top quality design, Western Digital main-

tains one of the most experienced board/system

design staffs in the industry. A tightly controlled

design review team comprising members from Qual-

ity Assurance, Marketing, Manufacturing and several

experienced design engineers, provides review of

each new design several times during its develop-

ment to ensure widest possible performance mar-

gins. The production release procedure assures a
checklist for

K* Test Method/Program Qualifications
0* Characterization Report
0* Field Test (Beta Test) Report

E* Product Qualification Audit
0* Documentation Package Release for Document

Control
0* Software/Diagnostics Qualification



MAINTAINING QUALITY/RELIABILITY IN

PRODUCTION

The Quality Control Testing Flow Chart shown on

Figure 1 defines the exact stages contained in the

production process. Internally manufactured LSI

components undergo 100% testing at maximum
specified operating temperatures as well as strict

quality controls defined to assure high quality and re-

liability. Components not designed and manufac-

tured by Western Digital are also 100% screened as

shown in photos during incoming inspection at 70°C.

The tests performed include selective active com-
ponent burn-in performed at 125°C for 160 hours to

insure guaranteed levels of reliability. This 125°C ac-

celerated testing eliminates defects that cannot ef-

fectively be accelerated by burning-in boards and

systems which have temperature limitations. Key

quality control procedures include:

0* Incoming Inspection Procedure
0* In-Process Travel CardTraceability
0* Workmanship Standards
0* Quality Corrective Action Notice/MRB Procedure
0* Quality Audit Procedure

PRODUCT FINAL TEST/CORRECTIVE ACTION

All boards are 100% in-circuit tested and 100%
functional tested for acceptable performance ac-

cording to applicable test specifications on testers

qualified by QA. Products are tested at maximum
specified temperature and voltage margins using

diagnostic software to ensure greater perfomnance

margins. Failures are logged on a travel card

specifically designed to insure traceability to

manufacturing steps and to maintain failure records

forQA corrective action.

If the board is designed to perform in a host system,

further diagnostics are performed in an environment

configured to actual customer requirements.

PRODUCT ACCEPTANCE

Upon completing the final test, the board/system

undergoes QC final workmanship standards inspec-

tion and selective samples are audited to the func-

tional product specification to guarantee quality at

specified operating margins to the customer.

In-circuit test



Complete documentation available for you at our facility.

\ QC / Receiving Inspection

\ / • 100% Bare Board Testing

\/ • 100% LSI Test (max. temp.)
' • 100% ICTestat 70°C

• Power Supply Inspections
• Mechanical/Visual Inspections

Selective Static/Dynamic Burn-in

(Active components)

P.C. Board Assembly

Assembly Test (Bed of Nails)

• Shorts/Opens
• Orientation

Assembly Outgoing Inspection

\QC / Test Incoming/Travel Card
\ / Traceability

Functional Test
• Voltage Margins
• Temperature Margins
• Diagnostic Software

^QC / Final Inspection
• Revision Control

Functional Audit

Travel Card Review

cz>
Ship Board Product

Mainframe Mechanical
Assembly

Travel Card Traceability

Mainframe Inspection

System Configuration

Functional Test
• Temp. Margins
• Diagnostic Software

Final Inspection

> Ship System

LEGEND:

Mfg. Operationo I j
Mfg. Inspection Gate QC Gate

Figure 1. QUALITY CONTROL TESTING FLOW CHART



WESTERN DIGITAL CORPORATION
CHIEF EXECUTIVE

CORPORATE
QUALITY ASSURANCE

SYSTEMS QUALITY PRODUCT RELIABILITY LSI PRODUCT ASSURANCE LSI MATERIAL ASSURANCE

Systems Quality

New Product
Qualification

System Test

Qualification

Software
Qualification

LSI Qualification

Burn-In/Stress

Requirements

Reliability Monitor

Data

Reliability Testing

Document Control

Wafer Defects Control

Subsidiary/Offstiore QC
Process Qualification

Incoming QC
Vendor Quality

LSI Burn-In

LSI Package Monitors

Precap Visuals (883 optional)

100% Test Audit

Failure Analysis

Package Qualification

Calibration Control

"Systems Design
Control"

'LSI Design Control" "Manufacturing Assurance"

Figure 2. QUALITY ORGANIZATION

Information furnished by Western Digital Corporation is believed to be accurate and reliable. However, no responsibility is assumed by Western Digital

Corporation for its use; nor for any infringements of patents or offier rights of third parties which may result from its use. No license is granted by

implication or otherwise under any patent or patent rights of Western Digital Corporation. Western Digital Corporation reserves the right to change

specifications at anytime without notice.

Printed in US.A



WESTERN DIGITAL
T / N

Quality/Reliability To Leading Edge Technology

QUALITY PROGRAM DESCRIPTION

The Quality Organization shown in Figure 2 assures
compliance to design control, quality and reliability

specifications, pursuant to corporate policy.

CORPORATE QUALITY POLICY

It is the policy of Western Digital Corporation that

every employee be committed to quality excellence
in producing products/processes which conform to

acceptable requirements. The total quality program is

managed and monitored by the quality assurance
organization. Quality assurance is chartered to

review marketing product requirements, qualify

hardware and software designs, certify manufac-
turing operations and monitor performance/control

conformance to product specifications.

Primary responsibility for execution for the quality

program rests with functional organizations to

design, produce and market high quality and high
reliability products specified to our customers.

LSI QUALITY ASSURANCE PROGRAM
HIGHLIGHTS

• LSI manufacturing assurance provisions are

derived in part from MIL-M-38510 and MIL-STD-
883B as applied to high grade commercial com-
ponents.

• All process raw materials used in the Mask/Wafer
fabrication and assembly operations are

monitored by Material Assurance.

• Material Assurance maintains a thorough control

of incoming material and has developed unique
"use/stress tests" (look ahead sample build ac-

ceptance) which critical material must pass before

acceptance.

• The Product Assurance Department continuously
monitors the internal and external manufacturing
flow (shown in Figure 1) and issues process
control reports displaying detailed data and trends

for the associated areas.

— Document control is an integral part of Product
Assurance. All specifications are issued and
controlled by this activity.

— The Western Digital Malaysian assembly
operation uses specifications and quality

control provisions controlled by Document
Control. Indicators of Malaysia quality are

reviewed weekly.

— Purchased FAB and assembly operations are

individually qualified and are certified against
standard specifications during vendor qualifi-

cation and monitored against reliability

criteria.

— Defect control within the process assures the
highest levels of built-in reliability.

Quality audits and gates are located throughout
the manufacturing process in order to assure a
stable process and thus, a quality product to our
customers. Figure 1 illustrates the manufacturing/
screening/inspection flow diagram and identifies

the steps as they relate to the production of LSI

devices.

Testing assures quality margins through 100%
testing by manufacturing and, in addition, all

products must pass a specified AQL sample test

performed by QA at maximum operating tem-
perature as follows:

Outgoing Quality Levels

SUBGROUPS INSPECTION LEVEL

Subgroup 1 — Final 100% Electrical

Audit @ Max °C 0.5 AQL*

Subgroup 2 — Visual (Marking, Lead
Integrity, Package, Verify customer
shipper) 1.0 AQL
Subgroup 3 — Shipping Visual Audit 1.0 AQL

•The double sampling techniques used allow considerably
better AQL's in most all cases.

• LSI devices are 100% tested on industry standard

test systems like that shown btelow. Quality

outgoing testing (auditing) is done on the Fairchild

Sentry Series 20 where possible to allow better

correlation with customers.



starting Material

Receiving Inspection

Design and Mask
Fabrication

Mask Inspection

Wafer Fabrication

/-\ Wafer In-Process Audits/

Diagnostics

Wafer Probe

Defects Control

(See Table 1)

Wafer Scribe/Saw and
Break

Inspection

Chip Bond

Die Stiear Inspection

Ceramic I Relpak

Base Seal

Base Seal Inspection

Wire Bond

Wire Bond Inspection

Precap Inspection

Lid Seal

Final Assembly
Inspection

100% Stabilization Bake
Plastic 125°C, 24tirs.

CeramidSCC, 24 hrs.

r\ 100% Temperature CycleV Plastic - 55°C tr + 125°C
10 cycles

Ceramic -65°Cto -(-'50°C

10 cycler

Gross Leak (.65 AQL)

Relpak I CeramickJC

Fine Leak Test

(.65% AQL)

Ceramic
|
Relpak

Solder Dip Leads

Lead Inspection

Cut and Form

Cut and Form Inspection

100% Electrical Test

Brand

Final Test Audit — 0.5 AQL

Final Visual Inspection

(Rel samples pulled)

Optional

Static/Dynamic
Burn-In

100% Electrical

Test

Burn-In Brand

-^y Reliability Monitors
(Table 3 & 4)

Pack

Shipping Audit

Shjp By Customer
Specified Carrier

Optional

Offshore
Assembly

Outgoing
Inspection

y Assembly
Incoming

— Inspection

LEGEND

O Manufacturing operation

n Manufacturing Inspection Gate

O Quality Assurance Audit

^ Quality Assurance Gate

Figure 1 LSI PRODUCTION FLOW



Reliability Means Lasting Value

• DESIGNING FOR RELIABILITY

The production release procedure for an LSI device is

designed to assure maximunn reliability with a

Quality checklist for:

B' Test program qualifications

E' Characterization report

B* Field test (Beta Test) report

0* Reliability Lifetest Qualifications

B* Infrared Thermal Analysis

[B* Static Protection

All new devices and major process changes must
pass reliability qualification before incorporation into

production using the criteria defined in Tables 2-4.

The infrared microscope shown on the right assures

optimum burn-in temperatures and margins of safety.

The dynamic burn-in system shown on the right is

one of two custom designed systems which assure

protective device isolation during burn-in.

• MAINTAINING RELIABILITY IN PRODUCTION

Process defects control are defined to continually

measure built-in reliability, as measured by the

following criteria:

TABLE 1

PROCESS RELIABILITY CONTROL METHOD CONDITION SAMPLE*

Subgroup 1 — Defects Control

a. Oxide Integrity Non-destructive

bubble test

Pinhole defect density 5 wafers

b. Polysilicon Integrity SEM Analysis Visual 5 wafers

Subgroup 2 — Electro-Migration Control

Metal Step Coverage MIL-STD-883

Method 2018

SEM Analysis 5 wafers

Subgroup 3 — Defect Density Critical layers Visual of Photo defects 8 wafers

Field (Defects/in2) each layer

Gate
Contact

'

Metal

Subgroup 4 — Passivation/Insulation

Integrity MIL-STD-883 Method Visual of Pinhole Final Silox

2021 defect density 5 wafers

Intermediate

5 wafers

'Inspection intervals are defined by the in-line process control data reviewed on a lot-by-lot basis.



• PROGRAMS TO ASSURE OPTIMUM RELIABILITY

Improved levels of reliability are available under custom reliability programs using static and dynamic burn-in to

further improve reliability. These programs focus on MOS failure mechanisms as follows:

FAILURE MECHANISMS IN MOS

FAILURE EFFECT ON ESTIMATED SCREENING
MECHANISM DEVICE ACTIVATION ENERGY METHOD

Slow Trapping Wearout 1.0 eV Static Burn-In

Contamination Wearout/

Infant

1.4 eV Static Burn-In

Surface Charge Wearout 0.5-1 .OeV Static Burn-In

Polarization Wearout 1.0 eV Static Burn-In

Electromigration Wearout 1.0 eV Dynamic Burn-In

Microcracks Random — 100% Temp. Cycling

Contacts Wearout/

Infant

— Dynamic Burn-In

Oxide Defects Infant/ 0.3 eV Dynamic Burn-In

Random at max. voltage

Electron Injection Wearout — Low Temp. Voltage

Operating Life

Temperature Acceleration of Failure

The Arrhenius Plot defines a failure rate propor-

tional to exp( - Ea/kt) where Ea is the activation

energy for the failure mechanism. The figure on
the right indicates that lower activation energy

failures are not effectively accelerated by tem-

perature alone; hense, maximum voltage operation

is selectively applied to optimize the burn-in

process.

Static Bum-In (125°C — 48 hours or 160 hours)

Provided on a sample basis for process

monitor/control of 0.5 eV — 1.0 eV failure

mechanisms. 100% static burn-in may be
specified at an additional cost. However, static

burn-in is considered only partially effective for

internal LSI gates at logic "O" levels.

Dynamic Burn-in (Pattern test/125°C — 8 hours to

160 hours)

Accelerated functional dynamic operating life

effectively controls internal MOS gate defects

buried from external pin access. The input pattern

is optionally pseudo-random or fixed pattern

programmable to simulate 1000-3000 hours of field

operation at maximum operating voltage(s).
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LSI RELIABILITY STANDARDS
TABLE 2 STANDARD RELIABILITY LEVELS

TEST METHOD CONDITION FAILURE

Infant

Mortality

(see note)

Long Term
Failure Rate

Static

Burn-In

Dynamic
Life Test

125°C — leOhrs.

125''C — lOOOhrs.

<0.5%

<.05%/1000hrs.
@55°C
60% Confidence

'NOTE: Devices failing the infant mortality target remain on burn-in until acceptable failure rates are obtained.

TABLE 3 GROUP A DEVICE RELIABILITY MONITORS

TEST METHOD CONDITIONS LTPD

Subgroup 1

a Internal Visual

b. Thermal Shock

c. Bond Strength

d. Die Shear Strength

1011

2011

2019

Test Failure Used (cond. B or C)

Test Failures (cond.B)

Test Failures

15

Subgroup 2

a Seal — Gross Leak

b. Seal — Fine Leak 1014

Fluorocarbon detection 10-3
atm/cc/sec

Test Condition A

15

Subgroups

a. Rotating Steady State Life Test

b. Electrical Parameters

1005 Static 160 hr. Burn-In 125°C
plus 125°C Lifetest — 1000 hrs.

Final electrical @ 25°C (with data @
70° C)

5

TABLE 4 GROUP B PACKAGE RELIABILITY MONITORS

TEST METHOD CONDITIONS LTPD

Subgroup 1

a. Thermal Shock

b. Temperature Cycling

c. Seal — Gross Leak

d. Seal — Fine Leak (ceramic)

e. Electrical Parameters

f. 85/85 Moisture Resistance

(plastic only)

g. Electrical Parameters

1011

1010

1014

Test Condition BorC
Test Condition B or C
Fluorocarbon detection 10-3
atm/cc/sec

Test Condition A
Electrical at max -C
85% RH/85°C for 1000 hours
PDA = 10%
Final electrical @ 25°C

15

Subgroup 2

a. High Temp. Storage

b. Mechanical Shock

c. Seal — Gross Leak

d. Seal — Fine Leak
(ceramic)

e. Electrical Parameters

1008

2002

1014

Test Condition BorC
Test Condition B

Fluorocarbon detection 10-3
atm/cc/sec

Test Condition A

Final electrical @ 25°C/max. C

15

1

Subgroups

a. Lead Integrity

b. Seal — Gross Leak

c. Seal — Fine Leak
(ceramic)

2004

1014

i j

Test Condition B2 j 15

(Lead i-atigue)

Fluorocarbon detection 10-3
\

atm/cc/sec
i

Test Condition A
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Systems Quality

New Product
Qualification

System Test

Qualification

Software
Qualification

LSI Qualification

Burn-In/Stress

Requirements

Reliability Monitor
Data

Reliability Testing

Document Control

Wafer Defects Control

Subsidiary/Offshore QC
Process Qualification

Incoming QC
Vendor Quality

LSI Burn-In

LSI Package Monitors

Precap Visuals (883 optional)

100% Test Audit

Failure Analysis

Package Qualification

Calibration Control
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"LSI Design Control" "Manufacturing Assurance"
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WESTERN DIGITALCORPORAT/ON
Announcing Burn-In Program Availability/Warranties

Western Digital now supports customer burn-in

requirements for both static and dynamic burn-in

under the strict control of the QA-Rei lability

organization.

This burn-in provides high performance 125°C static

and dynamic burn-in for 8-160 hours to eliminate

infant mortality and improve reliability This process

is executed using custom modified 32Bit AEHR test

commercial burn-in equipment v\/hich provide moni-

tored fixed pattern or pseudorandom burn-in with

power supply and resistor device pin isolation.

LSI dynamic burn-in is verified in all cases by the

design engineer for proper functioning. LSI Chip sets

are also individually burned-in with dynamic equiva-

lency to assure high performance bundled reliability

The warranty on the program will optionally provide

certificate of compliance to standard or custom de-

signed burn-in programs and guarantee <.05%/Khrs
failure rate.

CAUTION

Using outside bum-in methods not certified as ac-

ceptable by Western Digital may result in voided war-

ranty due to mishandling, junction temperature

stress, or electrical damage. Further, since most
burn-in houses do not support testing, catastrophic

system condition can result in substantial damage
before a problem is identified.

One consistent problem experienced with outside

LSI burn-in houses can cause reliability problems;

namely parallelling totem pole MOS outputs, where

the output states are not predictable, can cause a

single (or a few) device(s) to sink all the current from

the other devices on the burn-in tray — electromigra-

tion or current zaps are both possible.

Western Digital burn-in diagrams, dated after 1/1/82,

must be used exactly as shown and will be provided

upon request.

SEE YOUR LOCAL REPRESENTATIVE FOR COSTS
AND ORDERING INFORMATION ON THIS NEW
PROGRAM.

11
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WESTERN DIGITALCORPORATfON
Hi-Rel "K" Testing Program

FEATURES

GENERAL CONFORMANCE TO MIL-STD-883B,

METHOD 5004.4, CLASS B (SEE COMPARISON ON
FOLLOWING PAGES)

• INCLUDES:
PRECAP VISUALS
SEAL INTEGRITY
POWER CONDITIONING
ENHANCEMENT OPTIONS

GENERAL DESCRIPTION

Western Digital's Hi-Rel "K" program is designed to

provide high reliability devices for extended tempera-

ture environments. Individual enhancements may be
specified to meet a customer's requirements.

INITIATE

LOT
PACKAGE PROBED WAFERS TRAVELER

IRECEIVING
INSPECTION

CLEAN <QC> AUDIT

BACKSIDE ID

QC> AUDIT

LID

V

SCRIBE/SAW

BREAK/SORT

INSPECT

CHIPBOND

INSPECT

WIRE BOND

INSPECT

CLEAN/BAKE/SEAL

TEMP CYCLE
10 CYCLES
-65°/ + 150°C

STABAKE
24HRS150°C

QC> AUDIT

QC> AUDIT <QC)

CERTIFICATE
OF

CONFORMANCE

QC> AUDIT

HI-REL "K" PROGRAM FLOW DIAGRAM

FINE LEAK

GROSS LEAK

CUT/FORM LEADS

PRE BURN-IN
ELECTRICALS

BURN-IN
160HRS@ 125°C

FINALTEST

FINAL TEST
0.5% AQL

BRAND

MOVE TO
FINISHED
GOODS

PACK

SHIP VIA
CUSTOMER
SPECIFIED
CARRIER

13



COMPARISON OF MIL-STD-883
AND HI-REL "K" TEST PROGRAM

MIL-STD-883B, METHOD 5004.4, CLASS B HI-REL "K" TEST

3.1.1 Internal Visual

Method 2010.3

Test condition B
All Hi-Rel "K" devices receive 100% inspections

prior to lid seal. These inspections together com-
prise criteria comparable to Mil-Std-883, method
2010.3, test condition B.

3.1.2 Stabilization Bake
Method 1008.1

Test condition C
24hoursat150°C

Same

3.1 .3 Temperature Cycling

Method 1010.2, Test condition C
-eS^C to 150°C for 10 cycles, with 10 m
dwell and 5 minutes maximum transfer time

nutes

Same

3.1 .4 Constant Acceleration

Method 2001.2, Test condition E. 30,000 G stress

level Not Done Unless Specified

3.1.5 Visual Inspection

Visual inspection for catastrophic failures

screens
after

Same

3.1.6 Seal Method 101 4.2

(a) Helium fine leak — Test condition Ai.
condition 2 hours at 60 psig. Reject limit 5

torr

(b) Flourocarbon gross leak — Test condition

Bomb
xlO-8

Same

Same

3.1.9 interim (pre-burn-in) Electricals

Per applicable device specification Preburn-in test at 25°C. Must meet requirements of

device data sheets.

3.1.10 Burn-In Test

Method 1015.2 160 hours @ 125°C Same

3.1.13 Interim (Post burn-in) electricals

Per applicable device specification Burn-in equipment isolate failures automatically to

assure no harmful interaction.

3.1.15 Final Electrical Test

(a) Static Tests

(1) 25°C

(2) Minimum and Maximum Operating

Temperatures

(b) Dynamic and Switching Tests at 25°C
(c) Functional Tests at 25°

Same

3.1 .17 Qualification or Quality Confomiance
Inspection and Test Sample Selection

Not done unless defined using method 5005 as a
guide.

3.1.18 External Visual

Method2009.2 Same

WESTERN DIGITAL RELIABILITY ENHANCEMENT
OPTIONS

100% Temperature Testing

Level - 40° to + 85°C
-55°to+125°C

Thermal, Shock (Liquid to Liquid)

Level.
." 0° to -i- 100°C, 15 cycles

-55° to -H25°C
-65° to -i-150°C

Extended High Temperature Storage

+ 150°C for 24 hours standard, other time/tempera-

ture storage requirements available as required.

Dynamic Bum-In
Per note previously supplied.

14
Printed in USA



WESTERN DIGITAL
C O R P O R A T / ON

FD1 771-01 Floppy Disk Formatter/Controller

n
o

FEATURES

• SOFT SECTOR FORMAT COMPATIBILITY

• AUTOMATIC TRACK SEEK WITH VERIFICATION

• READ MODE
Single/Multiple Sector Write with Automatic

Sector Search or Entire Track Read
Selectable 128 Byte or Variable Length Sector

• WRITE MODE
Single/Multiple Sector Write with Automatic

Sector Search

Entire Track Write for Diskette Formatting

• PROGRAMMABLE CONTROLS
Selectable Track-to-Track Stepping Time
Selectable Head Settling and Head Engage
Times

Selectable Three Phase or Step and Direction

and Head Positioning Motor Controls

• SYSTEM COMPATIBILITY
Double Buffering of Data 8-Bit Bi-Directional

Bus for Data, Control and Status

DMA or Programmed Data Transfers

All Inputs and Outputs are TTL Compatible

APPLICATIONS

FLOPPY DISK DRIVE INTERFACE

SINGLE OR MULTIPLE DRIVE
CONTROLLER/FORMATTER

NEW MINI-FLOPPY CONTROLLER

GENERAL DESCRIPTION

The FD1771 is a MOS/LSI device that performs the

functions of a Floppy Disk Controller/Formatter.

The device is designed to be included in the disk

drive electronics, and contains a flexible interface

organization that accommodates the interface sig-

nals from most drive manufacturers. The FD1771 is

compatible with the IBM 3740 data entry system
format.

The processor interface consists of an 8-bit bi-

directional bus for data, status, and control word
transfers. The FD1 771 is set up to operate on a multi-

plexed bus with other bus-oriented devices.

The FD1771 is fabricated in N-channel Silicon Gate
MOS technology and is TTL compatible on all inputs

and outputs. The A and B suffixes are for ceramic
and plastic packages, respectively.

Vbb( -5V)C

WEC
CSC
REC
AqC
Al C

DALOC
dalTc
DAL2C
daTsc
DAL4C
DAL5C
DAL6C
DAL7C

pRi/STEP C
PH2/DIRC C

PH3C
3Pivic

MRC
(GND)Vssi:

TZT-
Vdd( + 12V)

INTRQ

DRQ
DINT

WPRT
IP

TROO
WF
READY
WD
WG
TG43

HLD

FDDATA
FDCLK
XTDS

CLK
HLT

TEST

Vc( + 5V)

PIN DESIGNATION

>

FLOPPY DISK
CONTROLLER
FORMATTER

SS ^BB "OD "CO

H

FLOPPY
DISK
DRIVE

FD1771 SYSTEM BLOCK DIAGRAM
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PIN OUTS

Pin No.

i

19

20

21

40

Computer Interface

2

Pin Name

Power Supplies

MASTER RESET

3

4

5,6

7-14

24

38

39

WRITE ENABLE

CHIP SELECT

READ ENABLE

REGISTER SELECT
LINES

DATA ACCESS LINES

CLOCK

DATA REQUEST

Symbol

Vbb/nc
MR

vss
vcc
Vdd

WE

cs

RE

Ao, Ai

DAL0-DAL7

CLK

DRQ

Function

Z^
A logic low on this input resets the device and loads

"03" into the command register. The Not Ready

(Status bit 7) is reset during MR ACTIVE. When R^
is brought to a logic high, a Restore Command is

executed, regardless of the state of the Ready signal

from the drive.

Ground
+5V
+ 12V

A logic low on this input gates data on the DAL into

the selected register when CS is low.

A logic low on this input selects the chip and enables

computer communication with the device.

A logic low on this input controls the placement of

data from a selected register on the DAL when CS is

low.

These inputs select the register to receive/transfer

data on the DAL lines under RE and WE control:

Ao

1

1

RE
Status Register

Track Register

Sector Register

Data Register

WE
Command Register

Track Register

Sector Register

Data Register

INTERRUPT REQUEST

Floppy Disk Interface:

15

16

17

18

Phase 1/Step

Phase 2/Direction

Phase 3

3-Phase Motor Select

INTRQ

PHI/STEP

PH2/DIRC

PH3

3PM

Eight bit inverted bidirectional bus used for transfer

of data, control , and status. This bus is a receiver

enabled by WE or a transmitter enabled by RE.

This input requiresafree-running2MHz±1%square

wave clock for internal timing reference.

This open drain output indicates that the DR con-

tains assembled data in Read operations, or the DR
is empty in Write operations. This signal is reset

when serviced by the computer through reading or

loading the DR in Read or Write operation, respec-

tively. Use 10K pull-up resistor to +5.

This open drain output is set at the completion or

termination of any operation and is reset when a

new command is loaded into the command register.

Use 10K pull-up resistor to +5.

If the 3PM input is a logic low the three-phase motor

control is selected and PH1, PH2, and PH3 outputs

form a one active lowsig nal outof three. PHI isactive

low after MR. If the 3PM input is a logic high the step

and direction motor control is selected. The step

output contains a 4 usee high signal for each step

and the direction output isactive high when stepping

in; active low when stepping out.
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Pin No. Pin Name Symbol Function

22 TEST TEST This input is used for testing purposes only and
should be tied to +5V or left open by the user.

23 HEAD LOAD TIMING HLT The HLT input is sampled after 10 ms. When a logic

high is sampled on the HLT input the head is assumed

25

to be engaged.

A logic low on this input selects external dataEXTERNAL DATA XTDS
SEPARATION separation. A logic high or open selects the internal

data separator.

26 FLOPPY DISK CLOCK FDCLOCK This input receives the externally separated clock
(External Separation) when XTDS = 0. If XTDS = 1 , this input should be tied

27 FLOPPY DISK DATA FDDATA

to a logic high.

This input receives the raw read disk data if XTDS=1,
or the externally separated data if XTDS=0.

28 HEAD LOAD HLD The HLD output controls the loading of the Read-
Write head against the media.

29 Track Greater than 43 TG43 This output informs the drive that the Read-Write
head is positioned between tracks44-76. This output
is valid only during Read and Write commands.

30 WRITE GATE WG This output is made valid when writing is to be per-

formed on the diskette.

31 WRITE DATA WD This output contains both clock and data bits of

500 ns duration.

32 Ready READY This input indicates disk readiness and is sampled
for a logic high before Read or Write commands are

performed. If Ready is low, the Read or Write oper-

ation is not performed and an interrupt is generated.

A Seek operation is performed regardless of the state

of Ready. The Ready input appears in inverted format

33 WF
as Status Register bit 7.

This input detects wiring faults indications from theWRITE FAULT
drive. When WG=1 and WF goes low, the current

Write command is terminated and the Write Fault

status bit is set. The WF input should be made inactive

34 TROO

(high) when WG becomes inactive.

This input informs the FD1771 that the Read-WriteTRACK 00

35 IP

head is positioned over Track 00 when a logic low.

Input, when low for a minimum of 10 usee, informsINDEX PULSE
the FD1771 when an index mark is encountered on

36

the diskette.

This input is sampled whenever a Write command isWRITE PROTECT WPRT
-'

received. A logic low terminates the command and

37

sets the Write Protect status bit.

The iput is sampled whenever a Write Track com-DISK INITIALIZATION DINT
mand is received. If DINT=0, the operation is termin-

ated and the Write Protect status bit is set.

17



ORGANIZATION

The Floppy Disk Formatter block diagram is illustra-

ted on page 4. The primary sections include the

parallel processor interface and the Floppy Disk

interface.

Data Shift Register This 8-bit register assembles se-

rial data from the Read Data input (FDDATA) duriing

Read operations and transfers serial data to the

Write Data output during Write operations.

Data Register This 8-bit register is used as a holding

register during Disk Read and .Write operations. In

Disk Read operations the assembled data byte is

transferred in parallel to the Data Register from the

Data Shift Register. In Disk Write operations infor-

mation is transferred in parallel from the Data Regis-

ter to the Data Shift Register.

When executing the Seek command, the Data Regis-

ter holds the address of the desired Track position.

This register can be loaded from the DAL and gated

onto the DAL under processor control.

Track Register This 8-bit register holds the track

number of the current ReadA/Vrite head position. It is

incremented by one every time tMhead is sfepp^^^^

(towards track 76) and decremented by one when

the head is stepped out (towards track 00). The con-

tents of the register are compared with the recorded

track number in the ID field during disk Read, Write,

and Verify operations. The Track Register can be

loaded from or transferred to the DAL. This Register

should not be loaded when this device is busy.

Sector Register (SR): This 8-bit register holds the

address of the desired sector position. The contents

of the register are compared with the recorded sec-

tor number in the ID field during disk Read or Write

operations. The Sector Register contents can be

loaded from or transferred to the DAL. This register

should not be loaded when the device is busy.

Command Register (OR): This 8-bit register holds

the command presently being executed. This regis-

ter should not be loaded when the device is busy

unless the execution of the current command is to be

overridden. This latter action results in an interrupt.

The command register can be loaded from the DAL,

but not read onto the DAL.

Status Register (STR): This 8-bit register holds

device Status information. The meaning of the Sta-

tus bits are a function of the contents of the Com-
mand Register. This register can be read onto the

DAL, but not loaded from the DAL.

CRC Logic: This logic is used to check or to generate

t+>e 16-bit Gyclic Redundancy Check (CRC). The

polynomial is: G(x) = x'* + x^^ + x^ + 1.

The CRC includes all information starting with the

address mark and up to the CRC characters. The

CRC register is preset to ones prior to data being

shifted through the circuit.

'/ (DAL )

DATA OUT
BUFFERS

iz^a
COMMAND

REG

WRITE DATA

(TO DISK)

-^

CRCLOGICU

<]

V^
=»*

-MS ^ CONTROL

~w

COMPUTER
INTERFACE

DISK
INTERFACE
CONTROL

TROO

PH2/DIRC
,

PH3
3 PM
PFnT

JILD ^

FD1771 BLOCK DIAGRAM



Arithmetic/Logic Unit (ALU): Tine ALU is a serial

comparator, incrementer, and decrementer and is

used for register modification and comparisons with

the disk recorded ID field.

AM Detector The Address Mark detector is used to

detect ID, Data, and Index address marks during

Read and Write operations.

Timing and Controi: All computer and Floppy Disk

Interface controls are generated through this logic.

The internal device timing is generated from a 2.0

MHz external crystal clock.

PROCESSOR INTERFACE

The interface to the processor is accomplished

through the eight Data Access Lines (DAL) and
associated control signals. The DAL are used to

transfer Data, Status, and Control words out of, or

into the FD1 771 . The DAL are three-state buffers that

are enabled as output drivers when Chip Select (CS)

and Read Enable (RE) are active (low logic state) or

act as input receivers when CS and Write Enable

(WE) are active.

When transfer of data with the Floppy Disk Con-
troller is required by the host processor, the device

address is decoded and CS is made low. The least-

significant address bits A1 and AO, combined with

the signals RE during a Read operation orWE during

a Write operation are interpreted as selecting the fol-

lowing registers:

A1-A0 READ (RE) WRITE (WE)

1

1

1 1

Status Register

Track Register

Sector Register

Data Register

Command Register

Track Register

Sector Register

Data Register

During Direct Memory Access (DMA) types of data

transfers between the Data Register of the FD1771
and the Processor, the Data Request (DRQ) output is

used in Data Transfer control. This signal also

appears as status bit 1 during Read and Write

operations.

On Disk Read operations the Data Request is acti-

vated (set high) when an assembled serial input byte

is transferred in parallel to the Data Register. This bit

is cleared when the Data Register is read by the pro-

cessor. If the Data Register is read after one or more
characters are lost, by having new data transferred

into the register prior to processor readout, the Lost

Data bit is set in the Status Register. The Read opera-

tion continues until the end of sector is reached.

On Disk Write operations the Data Request is acti-

vated when the Data Register transfers its contents

to the Data Shift Register, and requires a new data

byte. It is reset when the Data Register is loaded with

new data by the processor. If new data is not loaded

at the time the next serial byte is required by the

Floppy Disk, a byte of zeroes is written on the __
diskette and the Lost Data bit is set in the Status q
Register. -^

The Lost Data bit and certain other bits in the Status ^
Register will activate the interrupt request (INTRO). ^
The interrupt line is also activated with normal com- -^

pletion or abnormal termination of all controller

operations. The INTRO signal remains active until

reset by reading the Status Register to the processor

or by the loading of the Command Register. In addi-

tion, the INTRO is generated if a Force Interrupt

command condition is met.

FLOPPY DISK INTERFACE
The Floppy Disk interface consists of head position-

ing controls, write gate controls, and data transfers.

A 2.0 MHz ±1% square wave clock is requred at the

CLK input for internal control timing (may be 1.0

MHz for mini floppy).

HEAD POSITIONING
Four commands cause positioning of the Read-
Write head (see Command Section). The period of

each positioning step is specified by the r field in bits

1 and of the command word. After the last direc-

tional step, an additional 10 milliseconds of head set-

tling time takes place. The four programmable
stepping rates are tabulated below.

The rates (shown in Table 1) can be applied to a

Three-Phase Motor or a Step-Direction Motor through

the device interface. When the 3PM input is con-

nected to ground, the device operates with a three-

phase motor control interface, with one active low

signal per phase on the three output signals pFhi,

PH2, and PH3. The stepping sequence, when step-

ping in, is Phases 1-2-3-1, and when stepping out.

Phases 1-3-2-1. Phase 1 is active low after Master

Reset. Note: PH3 needs an inverter if used.

The Step-Direction Motor Control interface is acti-

vated by leaving input 3PM open or connecting it to

+5V. The Phase 1 pin PHI becomes a Step pulse of 4

microseconds width. The Phase 2 pin PH2 becomes
a direction control with a high voltage on this pin

indicating a Step In, and a low voltage indicating a

Step Out. The Direction output is valid a minimum of

24 (xs prior to the activation of the Step pulse.

When a Seek, Step or Restore command is executed,

an optional verification of Read-Write head position

can be performed by setting bit 2 in the command
word to a logic 1 . The verification operation begins at

the end of the 10 millisecond settling time after the

head is loaded against the media. The track number
from the first encountered ID Field is compared
against the contents of the Track Register. If the

track numbers compare and the ID Field Cyclic

Redundancy Check (CRC) is correct, the verify

operation is complete. If track comparison is not
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made but the CRC checks, an interrupt is generated,

the Seel< Error status (Bit 4) is set and the Busy status

bit is reset.

Table 1. STEPPING RATES

n ro

1771-X1

CLK = 2MHz
1771-X1

CLK=1MHz
1771 or -XI
CLK = 2MHz
TEST =

1771 or -XI
CLK=1 MHz

TEST = 1 TEST=1 TEST =

1

1

1 1

6ms
6ms
10ms
20ms

12ms
12ms
20ms
40ms

Approx.

400^is*

Approx.

SOOfis*

*For exact times consult WDC.

The Head Load (HLD) output controls the movement

of the read/write head against the disl< for data

recording or retrieval. It is activated at the beginning

of a Read, Write (E Flag On) or Verify operation, or a

Seek or Step operation with the head load bit, h, a

logic one remains activated until the third index

pulse following the last operation which uses the

read/write head. Reading or Writing does not occur

until a minimum of 10 msec delay after the HLD sig-

nal is made active. If executing the type 2 commands
with the E flag off, there is no 10 msec delay and the

head is assumed to be engaged- The delayJs._deter-

mined by sampling of the Head Load Timing (HLT)

input after 10 msec. A high state input, generated

from the Head Load output transition and delayed

externally, identifies engagement of the head

against the disk. In the Seek and Step commands,

the head is loaded at the start of the command exe-

cution when the h bit is a logic one. In a verify com-

mand the head is loaded after stepping to the

destination track on the disk whenever the h bit is a

logic zero.

DISK READ OPERATION

The 2.0 MHz external clock provided to the device is

internally divided by 4 to form the 500 kHz clock rate

for data transfer. When reading data from a diskette

this divider is synchronized to transitions of the Read

Data (FDDATA) input. When a transition does not

occur on the 500 kHz clock active state, the clock

divider circuit injects a clock to maintain a continu-

ous 500 kHz data clock. The 500 kHz data clock is

further divided by 2 internally to separate the clock

and information bits. The divider is phased to the

information by the detection of the address mark.

In the internal data read and separation mode the

Read Data input toggles from one state to the oppo-

site state for each logic one bit of clock or informa-

tion. This signal can be derived from the amplified,

differentiated, and sliced Read Head signal, or by the

output of a flip-flop toggling on the Read Data

pulses. This input is sampled by the 2 MHz clock to

detect transitions.

The chip can also operate on externally separated

data, as supplied by methods such as Phase Lock

loop. One Shots, or variable frequency oscillators.

This is accomplished by grounding the External

Data Separator (XTDS) INPUT. When the Read Data

input makes a high-to-low transition, the informa-

tion input to the FDDATA line is clocked into the

Data Shift Register. The assembled 8-bit data from

the Data Shift Register are then transferred to the

Data Register.

The normal sector length for read or Write opera-

tions with the IBM 3740 format is 128 bytes. This for-

mat or binary multiples of 128 bytes will be adopted

by setting a logic 1 in Bit 3 of the Read and Write

commands. Additionally, a variable sector length

feature is provided which allows an indicator recorded

in the ID Field to control the length of the sector. Vari-

able sector lengths can be read or written in Read or

Write commands, respectively, by setting a logic in

Bit 3 of the command word. The sector length indica-

tor specifies the number of 16 byte groups or 1 6 x N,

where N is equal to 1 to 256 groups. An indicator of all

zeroes is interpreted as 256 sixteen byte groups.

PJ^WR'II OPERATION

After data is loaded from the processor into the Data

Register, and is transferred to the Data Shift Register,

data will be shifted serially through the Write Data

(WD) output. Interlaced with each bit of data is a pos-

itive clock pulse of 0.5 /jsec duration. This signal

may be used to externally toggle a flip-flop to control

the direction of Write Current flow.

When writing is to take place on the diskette the

Write Gate (WG) output is activated, allowing cur-

rent to flow into the Read/Write head. As a precau-

tion to erroneous writing, the first data byte must be

loaded into the Data Register in response to a Data

Request from the FD1771 before the Write Gate sig-

nal can be activated.

Writing is inhibited when the Write Protect input is a

logic low, in which case any Write command is

immediately terminated, an interrupt is generated

and the Write Protect status bit is set. The Write Fault

input, when activated, signifies a writing fault condi-

tion detected in disk drive electronics such as failure

to detect write current flow when the Write Gate is

activated. On detection of this fault the FD1771 ter-

minates the current command, and sets the Write

Fault bit (bit 5) in the Status Word. The Write Fault

input should be made inactive when the Write Gate

output becomes inactive.

Whenever a Read or Write command is received the

FD1771 samples the READY input. If this input is

logic low the command is not executed and an inter-

rupt is generated. The Seek or Step commands are

performed regardless of the state of the READY
input.
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COMMAND DESCRIPTION

The FD1771 will accept and execute eleven com-
mands. Command words should only be loaded in

the Command Register when the Busy status bit is

off (status bit 0). The one exception is the Force
Interrupt command. Whenever a command is being
executed, the Busy status bit is set. When a com-
mand is completed, an interrupt is generated and the

Busy status bit is reset. The Status Register indicates

whether the completed command encountered an
error or was fault-free. For ease of discussion, com-
mands are divided into four types. Commands and
types are summarized in Table 2.

TYPE 1 COMMANDS
The Type 1 Commands include the RESTORE,
SEEK, STEP, STEP-IN, and STEP-OUT commands.
Each of the Type 1 Commands contain a rate field

(ror-i ), which determines the stepping motor rate as

defined in Table 1, page 4.

The Type 1 Commands contain a head load flag (h)

which determines if the head is to be loaded at the

beginning of the command. Ifh=1, the head is

loaded at the beginning of the command (HLD
output is made active). If h=0, HLD is deactivated.

Table 4. FLAG SUMMARY

Table 2. COMMAND SUMMARY

BITS

TYPE COMMAND 7 6 5 4 3 2 10
Restore h V ri ro

Seek 1 h V ri ro

Step 1 u h V ri ro

Step In 1 u h V ri ro

Step Out 1 1 u h V ri ro

II Read Command m b E
II Write Command 1 m b E ai ao
III Read Address 1 E
III Read Track 1 10 10s
III Write Track 1 110 10
IV Force Interrupt 1 1 l3 l2 h l4

Note: Bits shown in TRUE form.

Table 3. FLAG SUMMARY

TYPE!
h = Head Load flag (Bit 3)

h = 1, Load head at beginning
h = 0, Do not load head at beginning

V = Verify flag (Bit 2)

V = 1 , Verify on last track

V = 0, No verify

riro = Stepping motor rate (Bits 1-0)

Refer to Table 1 for rate summary
u = Update flag (Bit 4)

u = 1, Update Track register

u = 0, No update

TYPE II

m = Multiple Record flag (Bit 4)

m = 0, Single Record
m = 1, Multiple Records

b = Block length flag (Bit 3)

b = 1, IBM format (128 to 1024 bytes)

b = 0, Non-IBM format

(16 to 4096 bytes)

aiao - DataAddress Mark (Bits 1-0)

aiao = 00, FB (Data Mark)

aiao = 01, FA (User defined)

aiao = 10, F9 (User defined)

a-|ao = 11, F8 (Deleted Data Mark)

Table 5. FLAG SUMMARY

TYPE Mi

s

s

s

= Synchronize flag (Bit 0)

= 0, Synchronize to AM
= 1, Do Not Synchronize to AM

TYPE IV
1

lO

ll

l2

l3

E

E

li = Interrupt Condition flags (Bits 3-0)

= 1, Not Ready to Ready Transition
= 1, Ready to Not Ready Transition
= 1, Index Pulse
= 1, Immediate interrupt

E = Enable HLD and 10 msec Delay

= 1, Enable HLD, HLT and 10 msec
Delay

= 0, Head is assumed Engaged and
there is no 10 msec Delay

Once the head is loaded, the head will remain
engaged until the FD1771 receives a command that

specifically disengages the head. If the FD1771
does not receive any commands after two
revolutions of the disk, the head will be auto-

matically disengaged (HLD made inactive). The
Head Load Timing Input is sampled after a 10 ms
delay, when reading or writing on the disk is to

occur.

The Type 1 Commands also contain a verification

(V) flag which determines if a verification operation

is to take place on the destination track. If V=1, a veri-

fication is performed; if V=0, no verification is

performed.

During verification, the head is loaded and after an
internal 10 ms delay, the HLT input is sampled. When
HLT is active (logic true), the first encountered ID

field is read off the disk. The track address of the ID

Field is then compared to the Track Register; if there

is a match and a valid ID CRC, the verification is

complete, an interrupt is generated and the BUSY
status bit is reset. If there is not a match but there is
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valid ID CRC, an interrupt is generated, the Seek

Error status bit (Status Bit 4) is set and the BUSY sta-

tus bit is reset. If there is a match but not a valid CRC,

the CRC error status bit is set (Status Bit 3), and the

next encountered ID Field is read from the disk for the

verification operation. If an ID Field with a valid CRC
cannot be found after two revolutions of the disk, the

FD1771 terminates the operation and sents an inter-

rupt (INTRQ).

The STEP, STEP-IN, and STEP-OUT commands

contain an UPDATE flag (U). When U=1, the track

register is updated by one for each step. Whe U=0,

the track register is not updated.

RESTORE (SEEK TRACK 0)

Upon receipt of this command the Track 00 (TROO)

input is sampled. If TROO is active low indicating the

Read-Write head is positioned over track 0, the Track

COMMAND

STEP II

YES SET
DIRECTION

"i

y^ COMMAND X

.^STEP-OUT^

jTno

i

< > ^Es ^ RESET
DIRECTION

1

^ IS \^
<
/ COMMAND ^

s~'^=

""N. STEP y

Vno
/"^IS ^\

YES ^^ COMMAND ^N II

\^','"/
/ ^/\.

^C'^NO .-. RESTORE
YES /^ IS \v,,^

n^
t y^

(FF)HTOTH
^\y^

i

OTO on

"1
r

B c

N/ ^^^ ^^

Register is loaded with zeroes and an interrupt is

generated. If TROO is not active low, stepping pulses

(pins 15 to 17) at a rate specified by the ri rp field are

issued until the TROO input is activated. At this time

the TR is loaded w ith zeroes and an interrupt is gen-

erated. If the TROO input does not go active low after

255 stepping pulses, the FD1771 terminates opera-

tion, interrupts, and sets the Seek error status bit.

Note that the RESTORE command is executed when

MR goes from an active to an inactive state. A verifi-

cation operation takes place if the V flag is set. The h

bit allows the head to be loaded at the start of

command.

SEEK
This command assumes that the Track Register con-

tains the track number of the current position of the

Read-Write head and the Data Register contains the

desired track number. The FD1771 will update the

^

RESET DIRECTION

^

SET DIRECTION

TYPE I COMMAND FLOW TYPE I COMMAND FLOW
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Track register and issue stepping pulses in the

appropriate direction until the contents of the Track

register are equal to the contents of the data register

(the desired track location). A verification operation

takes place if the V flag is on. The h bit allows the

head to be loaded at the start of the command. An
interrupt is generated at the completion of the

command.

STEP
Upon receipt of this command, the FD1771 issues

one stepping pulse to the disk drive. The stepping

motor direction is the same as in the previous step

command. After a delay determined by the r i r ofield,

a verification takes place if the V flag is on. If the u

flag is on, the TR is updated. The h bit allows the

head to be loaded at the start of the command. An

INTBQ. RESET BUSY

9

SET
CRC
ERROR

'

YES / \\ ( INTRO RESET BUSY A

I SET SEEK ERROR J

\ AiNTRQ RESET BUSY^
/ l SET SEEK ERROR .'

TYPE I COMMAND FLOW

interrupt is generated at the completion of the

command.

STEP-IN
Upon receipt of this command, the FD1771 issues

one stepping pulse in the direction towards track

76. If the u flag is on, the Track Register is incre-

mented by one. After a delay determined by the ri r o

field, a verification takes place if the V flag is on. The
h bit allows the head to be loaded at the start of the

command. An interrupt is generated at the comple-
tion of the command.

STEP-OUT
Upon receipt of this command, the FD1771 issues

one stepping pulse in the direction towards track 0. If

the u flag is on, the TR is decremented by one. After a

delay determined by the t^Vq field, a verification

takes place if the V flag is on. The h bit allows the

head to be loaded at the start of the command. An
interrupt is generated at the completion of the

command.

TYPE II COMMANDS
The Type II Commands include the Read Sector(s)

and Write Sector(s) commands. Prior to loading the

Type II command into the COMMAND REGISTER,
the computer must load the Sector Register with the

desired sector number. Upon receipt of the Type II

command, the Busy status bit is set. If the E flag=1

(this is the normal case), HLD is made active and

HLT is sampled after a 10 msec delay. If the E flag is

0, the head is assumed to be engaged and there is no

1 msec delay. The ID field and the Data Field format

are shown below.

When an ID field is located on the disk, the FD1771

compares the track number of the ID field with the

Track Register. If there is not a match, the next

encountered ID field is read and a comparison is

again made. If there was a match, the Sector Number
of the ID field is compared with the Sector Register.

If there is not a Sector match, the next encountered

ID field is read off the disk and comparisons again

made. If the ID field CRC is correct, the data field is

then located and will be either written into, or read

from depending on the command. The FD1771 must

find an ID field with a track number, Sector number,

and CRC within two revolutions of the disk; other-

wise, the Record Not Found status bit is set (Status

bit 3) and the command is terminated with an

interrupt.

Each of the Type II Commands contain a (b) flag

which in conjunction with the sector length field

contents of the ID determines the length (number of

characters) of the Data field.

For IBM 3740 compatibility, the b flag should equal 1

.

The numbers of bytes in the data field (sector) is then

128 X 2" where n = 0, 1, 2, 3.

-n

mi.
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GAP
ID

AM
TRACK
NUMBER ZERO

SECTOR
NUMBER

SECTOR
LENGTH

CRC
1

CRC
2 GAP

DATA
AM DATA FIELD

CRC
1

CRC
2

ID FIELD DATA FIELD

IDAM = ID Address Mark — DATA = {FE)i6 CLK = (C7)i6

Data AM = Data Address Mark — DATA = (F8, F9, FA, or FB), CLK = (C7)i6

For b = 1

Sector Length
Field (Hex)

Number of Bytes
in Sector (Decimal)

00
01

02
03

128
256
512
1024

When the b flag equals zero, the sector length field

(n) multiplied by 16 determines the number of bytes

in the sector or data field as shown below.

For b =

Sector Length
Field (Hex)

Number of Bytes
in Sector (Decimal)

01

02
03
04
•

•

•

FF
00

16

32
48
64
•

•

•

4080
4096

Each of the Type II commands also contain a (m) flag

which determines if the multiple records (sectors)

are to be read or written, depending upon the com-
mand. If m=0 a single sector is read or written and an

interrupt is generated at the completion of the com-
mand. If m=1, multiple records are read or written

with the sector register internally updated so that an

address verification can occur on the next record.

The FD1771 will continue to read or write multiple

records and update the sector register until the sec-

tor register exceeds the number of sectors on the

track or until the Force Interrupt command is loaded

into the command register, which terminated the

command and generates an interrupt.

READ COMMAND
Upon receipt of the Read command, the head is

loaded, the BUSY status bit set, and when an I D field

is encountered that has the correct track number,

correct sector number, and correct CRC, the data

field is presented to the computer. The Data Address

Mark of the data field must be found within 28 bytes

of the correct field; if not, the Record Not Found sta-

tus bit is set and the operation is terminated. When
the first character or byte of the data field has been

SET BUSY. RESET DRO. LOST
DATA. RECORD NOT FOUND, &
STATUS BITS 5 4 6 INTRO

c

/iNT
ISET

TYPE II COMMAND FLOW

shifted through the DSR, it is transferred to the DR,

and DRQ is generated. When the next byte is accum-

ulated in the DSR, it is transferred to the DR and

another DRQ is generated. If the computer has not

read the previous contents of the DR before a new
character is transferred that character is lost and the
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BRING IN SECTOR LENGTH FIELD
COMPUTE LENGTH FROM b FLAG
STORE LENGTH IN INTERNAL

REGISTER

TYPE II COMMAND FLOW

Lost Data status bit is set. This sequence continues

until the complete data field has been input to the

computer. If there is a CRC error at the end of the

data field, the CRC error status bit is set, and the

command is terminated (even if it is a mulltiple

record command).

At the end of the Read operation, the type of Data
Address Mark encountered in the data field is recor-

ded in the Status Register (Bits 5 and 6) as shown
below.

Status status Data AM
Bite Bits (Hex)

FB
1 FA

1 F9
1 1 F8

c J 5^i)
TYPE II COMMAND FLOW

WRITE COMMAND
Upon receipt of the Write command, the head is

loaded (HLD active) and the BUSY status bit is set.

When an ID field is encountered that has the correct

track number, correct sector number, and correct

CRC, a DRQ is generated. The FD1771 counts off 1

1

bytes from the CRC field and the Write Gate (WG)
output is made active if the DRQ is serviced (i.e., the
DR has been loaded by the computer). If DRQ has
not been serviced, the command is terminated and
the Lost Data status bit is set. If the DRQ has been ser-

viced, the WG is made active and six bytes of zeros
are then written on the disk. At this time the Data
Address Mark is then written on the disk as deter-

mined by the ai ao field of the command as shown
on next page.

The FD1 771 then writes the data field and generates

DRQs to the computer. If the DRQ is not serviced in

n
o
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ai ao

Data Mark
(Hex)

Clock Mark
(Hex)

1

1

1

1

FB
FA
F9
F8

C7
C7
C7
C7

time for continuous writing the Lost Data status bit is

set and a byte of zeros is written on the disk. The

command is not terminated. After the last data byte

has been written on the disk, the two-byte CRC is

computed internally and written on the disk followed

by one byte gap of logic ones. TheWG output is then

deactivated.

TYPE III COMMANDS

READ Address

Upon receipt of the Read Address command, the

head is loaded and the BUSY Status bit is set. The

next encountered ID field is then read in from the

disk, and the six data bytes of the ID field are

assembled and transferred to the DR, and a DRQ is

generated for each byte. The six bytes of the ID field

are shown below.

TRACK
ADDR

SIDE
NUMBER

SECTOR
ADDRESS

SECTOR
LENGTH

CRC
1

CRC
2

1 2 3 4 5 6

TYPE II COMMAND FLOW

Although the CRC characters are transferred to the

computer, the FD1771 checks for validity and the

CRC error status bit is set if there is a CRC error.

The Sector Address of the ID field is written into the

Sector Register. At the end of the operation an inter-

rupt is generated and the BUSY Status is reset.

READ TRACK

Upon receipt of the Read Track command, the head

is loaded and the BUSY status bit is set. Reading

starts with the leading edge of the first encountered

index mark and continues until the next index pulse.

As each byte is assembled it is transferred to the

Data Register and the Data Request is generated for

each byte. No CRC checking is performed. Gaps are

included in the input data stream. If bit 0(S) of the

command is a 0, the accumulation of bytes is syn-

chronized to each Address Mark encountered. Upon

completion of the command, the interrupt is

activated.

WRITE TRACK

Upon receipt of the Write Track command, the head

is loaded and the BUSY status bit is set. Writing

starts with the leading edge of the first encountered

index pulse and continues until the next index pulse,

at which time the interrupt is activated. The Data

Request is activated immediately upon receiving the

command, but writing will not start until afterthe first

byte has been loaded into the Data Register. If the

DR has not been loaded by the time the index pulse is

encountered the operation is terminated making the

device Not Busy, the Lost Data status bit is set, and

the Interrupt is activated. If a byte is not present in

the DR when needed, a byte of zeros is substituted.

Address Marks and CRC characters are written on

the disk by detecting certain data byte patterns in the

outgoing data stream as shown in the table below.

The CRC generator is initialized when any data uytS

from F8 to FE is about to be transferred from the DR
to the DSR.
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TYPE III COMMAND WRITE TRACK

CONTROL BYTES FOR INITIALIZATION

DATA CLOCK
PATTERN MARK
(HEX) INTERPRETATION (HEX)

F7 Write CRC Character FF
F8 Data Address Mark C7
F9 Data Address Mark C7
FA Data Address Mark C7
FB Data Address Mark C7
FC Index Address Mark D7
FD Spare
FE ID Address Mark C7

CIN-RO

TYPE III COMMAND WRITE TRACK

The Write Track Command will not execute if the

DINT input is grounded; instead, the Write Protect

status bit is set and the interrupt is activated. Note

that one F7 pattern generates two CRC characters.

TYPE IV COMMAND

Force Interrupt

This command can be loaded into the command reg-

ister at any time. If there is a current command under

execution (BUSY status bit set), the command will

be terminated and an interrupt will be generated

when the condition specified in the Iq through I3

field is detected. The interrupt conditions are shown
below:

lo= Not-Ready-To-Ready Transition

I., = Ready-To-Not-Ready Transition

12= Every Index Pulse

13= Immediate Interrupt (Requires reset,

see Note)

NOTE: If Iq- I3 =0, there is no interrupt generated but the current

command is terminated and busy is reset. This is the only

command that will clear the immediate interrupt.
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STATUS DESCRIPTION

Upon receipt of any command, except the Force

Interrupt command, the Busy Status bit is set and

the rest of the status bits are updated or cleared for

the new command. If the Force Interrupt Command
is received when there is a current command under

execution, the Busy status bit is reset, and the rest of

the status bits are unchanged. If the Force Interrupt

command is received when there is not a current

command under execution, the Busy Status bit is

reset and the rest of the status bits are updated or

cleared. In this case. Status reflects the Type I

commands.

The format of the Status Register is shown below.

(BITS)

7 6 5 4 3 2 1

87 86 85 84 83 82 81 80

Status varies according to the type of command
executed as shown in Table 6.

Table 6. STATUS REGISTER SUMMARY

BIT

ALL TYPE 1

COMMANDS READ ADDRESS READ READ TRACK WRITE WRITE TRACK

S7 NOT READY NOT READY NOT READY NOT READY NOT READY NOT READY

S6 WRITE PROTECT RECORD TYPE WRITE PROTECT WRITE PROTECT

S5 HEAD ENGAGED RECORD TYPE WRITE FAULT WRITE FAULT

S4 SEEK ERROR ID NOT FOUND RECORD NOT
FOUND

RECORD NOT
FOUND

S3 GRG-EfiROR GRG ERROR CRC-E-RROR . .. GRG ERROR

S2 TRACK LOST DATA LOST DATA LOST DATA LOST DATA LOST DATA

S1 INDEX DRQ DRQ DRQ DRQ DRQ

SO BUSY BUSY BUSY BUSY BUSY BUSY

STATUS FOR TYPE I COMMANDS

BIT NAME MEANING

87 NOT READY This bit when set indicates the drive is not ready. When reset it

indicates that the drive is ready. This bit is an inverted copy of

the READY input and logically "ored" with MR.

86 PROTECTED When set, indicates Write Protect is activated. This bit is an

inverted copy of WRPT input.

85 HEAD LOADED When set, it indicates the head is loaded and engaged. This bit

is a logical "and" of HLD and HLT signals.

84 SEEK ERROR When set, the desired track was not verified. This bit is reset to

when updated.

83 CRC ERROR When set, there was one or more CRC errors encountered on

an unsuccessful track verification operation. This bit is reset

too when updated.

82 TRACK 00 When set, indicates Read-Write head is positioned to Track 0.

This bit is an inverted copy of the TROO input.

81 INDEX When set, indicates index mark detected from drive. This bit is

an inverted copy of the IP input.

80 BUSY When set, command is in progress. When reset, no command
is in progress.
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STATUS BITS FOR TYPE II AND III COMMANDS

BIT NAME MEANING
S7 NOT READY This bit when set indicates the drive is not ready. When reset, it

indicates that the drive is ready. This bit is an inverted copy of

the READY input and "ored" with MR. The TYPE II and III

Commands will not execute unless the drive is ready.

S6 RECORD TYPE/
WRITE PROTECT

On Read Record: It indicates the MSB of record-type code from
data field address mark. On Read Track: Not Used. On any
Write Track: It indicates a Write Protect. This bit is reset when
updated.

S5 RECORD TYPE/WRITE FAULT On Read Record: It indicates the LSB of record-type code from
data field address mark. On Read Track: Not Used. On any
Write Track: It indicates a Write Fault. This bit is reset when
updated.

S4 RECORD NOT FOUND When set, it indicates that the desired track and sector were
not found. This bit is reset when updated.

S3 CRC ERROR If S4 is set, an error is found in one or more ID fields; otherwise
it indicates error in data field. This bit is reset when updated.

S2 LOST DATA When set, it indicates the computer did not respond to DRQ in

one byte time. This bit is reset to zero when updated.

S1 DATA REQUEST This bit is a copy of the DRQ output. When set, it indicates the

DR is full on a Ready operation or the DR is empty on a Write

operation. This bit is reset to zero when updated.

SO BUSY When set, command is under execution. When reset, no
command is under execution.

n
o

FORMATTING THE DISK (Refer to section on Type

III Commands for flow diagrams.)

Formatting the disk is a relatively simple task when
operating programmed I/O or when operating under

DMA control with a large amount of memory. When
operating under DMA with limited amount of

memory, formatting is a more difficult task. This is

because gaps as well as data must be provided at the

computer interface.

Formatting the disk is accomplished by positioning

the R/W head over the desired track number and

issuing the Write Track command. Upon receipt of

the Write Track command, the FD1771 raises the

Data Request signal. At this point in time, the user

loads the Data Register with desired data to be writ-

ten on the disk. For every byte of information to be

written on the disk, a Data Request is generated. This

sequence continues from one index mark to the next

index mark. Normally, whatever data pattern

appears in the Data Register is written on the disk

with a clock mark of (FF)i6 However, if theFD1771

detects a data pattern on F7 through FE in the Data

Register, this is interpreted as data address marks

with missing clocks or CRC generation. For

instance, an FE pattern will be interpreted as an ID

address mark (DATA-FE, CLK-C7) and the CRC will

be initialized. An F7 pattern will generate two CRC
characters. As a consequence, the patterns F7

through FE must not appear in the gaps, data fields,

or ID fields. Also, CRCs must be generated by an F7

pattern.

Disks may be formatted in IBM 3740 formats with sec-

tor lengths of 128,256,512, or 1024 bytes, or may be

formatted in non-IBM format with sector lengths of 16

to 4096 bytes in 16-byte increments. IBM 3740 at the

present time only defines two formats. One format

with 128 bytes/sector and the other with 256 bytes-

/sector. The next section deals with the IBM 3740 for-

mat with 128 bytes/sector followed by a section of

non-IBM formats.

IBM 3740 Formats — 128 Bytes/Sector

The IBM format with 128 bytes/sector is depicted in

the Track Format figure on the following page. In

order to create this format, the user must issue the

Write Track command, and load the data register with

the following values. For every byte to be written,

there is one data request.
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Number Hex Value of

Tl
of Bytes Byte Written

o 40 00 or FF
.^ 6 00^̂

1 FC (Index Mark)
:*

26 00 or FFo
6 00

1 FE (ID Address Mark)

1 Track Number (0 through 4C)

1 00

1 Sector Number (1 through 1A)

1 00

1 F7 (two CRCs written)

11 00 or FF

6 00

1 FB (Data Address Mark)

128 Data (IBM uses E5)

1 F7 (two CRCs written)

27 OOorFF
247" 00 or FF

•Write bracketed field 26 times.

"Continue writing until FD1771 interrupts out.

Approximately 247 bytes.

Non-IBM Formats

Non-IBM formats are very similar to the IBM formats

except a different algorithm is used to ascertain the

sector length from the sector length byte in the ID

field. This permits a wide range of sector lengths

from 16 to 4096 bytes. Refer to Section V, Type II

commands with b flag equal to zero. Note that F7

through FE must not appear in the sector length byte

of the ID field.

In formatting the FD1771, only two requirements

regarding GAP sizes must be met. GAP 2 (i.e., the

gap between the ID field and data field) must be 17

bytes of which the last 6 bytes must be zero and that

every address mark be preceded by at least one byte

of zeros. However, it is recommended that every

GAP be at least 17 bytes long with 6 bytes of zeros.

The FD1771 does not require the index address mark
(i.e., DATA = FC, CLK = D7) and need not be present.

References:

1) IBM Diskette OEM Information GA21-9190-1.

2) SA900 IBM Compatibility Reference Manual —
Shugart Associates.

PHYSICAL IND€X

• INDEX ADDRESS MARK

GAP 4

PRE-INDEX
320 BYTES
NOMINAL

DATA OR
DELETED
DATA

ADDRESS
MARK

GAP!

00 OR FF

J

GAP 3

00 OH FF

J
V.

TRACK FORMAT
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ELECTRICAL CHARACTERISTICS

Maxium Ratings

VdD with respect to VgE (Ground)

Max Voltage to any input with

respect to Vbb
Operating Temperature
Storage Temperature

20 to -0 3V

^20 to -0 3V

0°C to 70= C
55° C to 25°C

OPERATING CHARACTERISTICS (DC)

Ta -- 0=C to 70°C. Vdd -- ^12.0V ± .6V,

Vbb " -5 .t 5V, Vss = OV, VCC = -5V t 25V
I DD ^ ^0 ^3 Nominal, Icc ^ 30 ma Nominal,

I BB ~ 0^ J^3 Nominal

Symbol Characteristic Min. Typ. Max. Units Conditions

ILI Input Leakage 10 mA V|N = Vdd

ILO Output Leakage 10 /iA vouT = Vdd

V|H Input High Voltage 2.6 V

V|L Input Low Voltage (All Inputs) 0.8 V

VOH Output High Voltage 2.8 V 10 = -100 uA

Vol Output Low Voltage 0.45 V lO = 10 mA

TIMING CHARACTERISTICS

TA - 0"C to 70°C, Vpp ^ +12V t .6V,

VoD '- -5V ^ 25V, Voc^ OV, Vr-r> ^^ ^5VBB 'SS CC 25V

NOTE: Timings are given for 2 MHz Clock For those

timings noted, values will double when chip isoper-

ated at 1 MHz. Use 1 MHz when using mini-floppy.

Read Operations

Symbol Characteristic Min. Typ. Max. Units Conditions

TSET Setup ADDR and OS to RE 100 nsec

THLD Hold ADDR and OS from RE 10 nsec

TRE RE Pulse Width 450 nsec Cl = 25 pf

TDRR DRQ Reset from RE 750 nsec

TIRR INTRO Reset from RE 3000 nsec

TDACC Data Access from RE 450 nsec C|_ = 25 pf

TDOH Data Hold from RE 50 150 nsec Cl = 25 pf

Write Operations

Symbol Characteristic Min. Typ. Max. Units Conditions

TSET Setup ADDR and OS to WE 100 nsec

THLD Hold ADDR and OS from WE 10 nsec

TWE WE Pulse Width 450 300 nsec

TDRR DRQ Reset from WE 750 nsec

TIRR INTRO Reset from WE 3000 nsec See Note

TDS Data Setup to WE 350 nsec

TDH Data Hold from WE 150 nsec

External Data Separation (XTDS = 0)

Symbol Characteristic Min. Typ. Max. Units Conditions

TPWX Pulse Width Read Data & Read Clock 150 350 nsec

TCX Clock Cycle External 2500 nsec

TDEX Data to Clock 500 nsec

TDDX Data to Data Cycle 2500 nsec
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,
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--OS-H K
3 LOW IF DESIRED
S SECTOR. TRACK. <
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* REGISTER. USER C

READ ENABLE TIMING WRITE ENABLE TIMING

XTDS =

SEPARATION

n
^

"L_
CLOCK

1-
T

D»TA

n
wx... k-« H H-«

n n
.1"" UCA c< -|

1 ABOVE TIMES ARE DOUBLED VI

2 CONTACT WDC FOR EXTERNA
3 FDCLKANDFDDATAMAVBERE

HEN CLK I MHZ
CLOCK DATA SEPABATOB CW

JEBSED FD1771 DECIDES WHAT tS CLOCK AND WHAT PS )«TA

READ TIMING (XTDS = 0)

Internal Data Separation PCTDS = 1)

Symbol Characteristic Min. Typ. Max. Units Conditions

TPWI

TCI

Pulse Width Data and Clock

Clock Cycle Internal

150

3500

1000

5000

nsec

nsec

Write Data Timing

Symbol Characteristic Min. Typ. Max. Units Conditions

TWGD Write Gate to Data 1200 nsec 300 nsec ± CLK tolerance

TPWW Pulse Width Write Data 500 600 nsec

TCDW Clock to Data 2000 nsec ± CLK tolerance

TCW Clock Cycle Write 4000 nsec ± CLK tolerance

TWGH Write Gate Hold to Data 100 nsec

Miscellaneous Timing

Symbol Characteristic Min. Typ. Max. Units Conditions

TCDi Clock Duty 175 nsec 2MHz± 1% See Note

TCD2 Clock Duty 210 nsec

TSTP Step Pulse Output 3800 4200 nsec \

TDIR Direct Setup to Step 24 nsec

TMR Master Reset Pulse Width 10 nsec >These times doubled

TIP Index Pulse Width 10 nsec when CLK = 1 1vIHz

JTWF Write Fault Pulse Width 10 nsec
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XTDS 1

INTERNAL DATA
SEPARATION FDCLOCK
MUST BE TIED HIGH

H h'- %W,* h H h^.H K'-
n FL^ m_

LEADING EDGE Of
DATA PULSE
MUST OCCUR IN

SHADED AREA

NOTE

^^
TION MAY WORK FOR SOME APPLICATIONS HQWEVfR |

n
a

READ TIMING (XTDS = 1) MISCELLANEOUS TIMING

-II

i^^..oH

,.J U ^ L- ^ U
'

\ \ II i

i h H k

/

WRITE DATA TIMING
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See page 481 for ordering information.
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WESTERN DIGITALCORPORAT/ON
1771-01 Application Notes

INTRODUCTION
The FD1 771 -01 Floppy Disk Formatter/Controller is

a MOS/LSI device designed to ease the task of inter-

facing the 8" or5'/4 (mini-floppy) disk drive to a host

processor. It is ideally suited for a w/ide range of

microprocessors, providing an 8-bit bi-directional

interface to the CPU for all control and data

transfers. Requiring standard + 12, iSV power supp-

lies, the 1771 is available in ceramic or plastic40 pin

dual-in-line packages.

The 1771 has been designed to becompatible with the

IBM 3740 standard. This single-density Frequency

Modulated (FM) recording technique, records a

clock bit between a data bit serially on each track.

Figure 1 illustrates how a HEX "D2" is recorded.

Note that when the data bit to be written is zero, no

pulse or flux transition is recorded. For the 8" drive,

there are 77 tracks, with 26 sectors on each track.

Each sector contains 128 bytes of data. Although

there is no "standard" format for the mini-floppy,

most manufacturers utilize either 35 or40 tracks per

side, wtih 16 sectors of 128 bytes each per track.

Both the 8" and S'A" formats must be soft-sectored,

i.e., there are no physical holes to denote sector

locations. The hard-sectored disk has been losing

popularity, mainly due to the fact that the sector

lengths cannot be increased.

Being soft-sector compatible, the 1771 must know

where each sector begins on the track. This is per-

formed by using Address Marks. These bytes are

recorded on the disk with certain clock pulses miss-

ing, and are unique from all other data and gap bytes

recorded on the track. Six distinct Address Marks

can be used:

Clock

Description Data Pattern

Index Address Mark FC D7

ID Address Mark FE C7
Data Address Mark FB C7
User defined FA C7
User Defined F9 C7

Deleted Address Mark F8 C7

define the type of data i.e., "object" or "text" data,

alternate sector data, or any other purpose the user

chooses.

PROCESSOR INTERFACE
The 1 771 contains five internal registers that can be

accessed via the 8-bit DAL lines by the CPU. These

registers are used to control the movement of the

head, read and write sectors, and perform all other

functions at the drive. Regardless of the operation

performed, it must be initiated through one or more
of these registers. They are selected by a proper

binary code on the AO, A1 lines in conjunction with

the RE and WE lines when the device is selected.

The registers and their addresses are:

OS A, Ao RE = WE =

1

1

1

X

1

1

X

STATUS REG
TRACK REG
SECTOR REG
DATA REG
Deselected

COMMAND REG
TRACK REG
SECTOR REG
DATA REG
Deselected

The two "User Defined" Address Marks are unique

to the 1771, and do not appear in the IBM 3740

standard. These Address Marks can be used to

Command Register This is a write-only register

used to send all commands to the 1771

.

Status Register: This is a read-only register that

must be read at the completion of every command to

determine whether execution was successful. It

may also be used to monitor command execution,

and to sense when data is required by the drive for

read or write operations.

Tracit Register: This R/W register holds the current

position of the R/W head.

Sector Register: This R/W register holds the desired

sector number for read and write commands.

Data Register: This R/W register contains the data

to be read or written to a particular sector.

INTERRUPTS
There are two INTERRUPT linesforCPUuse.These

are the DRQ (Data Request) and INTRO (Interrupt

Request). These are active high, open drain outputs

and require a pull-up resistor of 10K or greater to

+5V. Both of these signals also appear in the status

register as the Busy (INTRO) and the data request

(DRQ) bits. The user has the option of utilizing these

hardware lines for system interrupts, or through
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software by polling the status register. The choice is

_^ dependent upon the particular microprocessor and

•*J support hardware of the system.

7*" INTRQ:This line is used to signify thecompletionof

2 any command. It is reset low when a new command
is loaded into the command register, or when the

status register is read.

DRQ: This line is active high whenever the data reg-

ister requires servicing. During a read command, it

signifies that the data register contains a byte of

data from the disk and may be read by the CPU. Dur-

ing a write command, it signifies that the data regis-

ter is empty and may be loaded with the next byte to

be written on the disk. The DRQ line is reset whe-
never the data register is read or written to. It is also

reset when a new command is loaded into the com-
mand register, providing the new command is not a

Forced Interrupt, and the 1771 is not busy (Busy Bit = 0).

WRITE SECTOR
With the use of the WRITE SECTOR command, the

CPU can access any desired sector(s) in a track.

Prior to loading this command, the R/W head of the

drive must be positioned over the specific track.

This can be first accomplished with the ttseof any of
the Type I commands. Once positioned, the CPU
must load the desired sector number into the sector

register, then issue the command. The head will

load, and the 1771 will begin searching for the cor-

rect ID field. If the correct sector and track is not

found within 2 revolutionsof the disk, the RECORD-
NOT-FOUND bit will be set in the status register,

and the command will be terminated. Once found,

the 1 771 will issue a DRQ in request of the first data

byte to be written. Once the data register is loaded,

the 1771 will issue a DRQ for each byte to be

recorded, until the entire sector is written. FortheS"

drive, the user must load the data register 24

microseconds after a DRQ is generated. Failure to

meet this time will cause the lost data bit to be set,

and a byte of zeros substituted and written on the

disk,

READ SECTOR
The READ SECTOR command functions in much
the same way as the WRITE SECTOR command.
The sector register must again be loaded with the

desired sector number, before the read command
can be loaded. After the ID field has been found, the

1771 will begin generating DRQ's, with the data reg-

ister being loaded with each byte of the sector field.

For the 8" drive, the user must read the data register

at least 26 microseconds after the DRQ is

generated. Failure to meet this time will cause the

lost data bit to be set in the status register, while the

next assembled byte will overwrite the contents of

the data register.

Both the Read and Write sector commands also

contain an "m" flag for accessing multiple sectors.

The sector register is incremented internally after

each sector is read or written to. Eventually the sec-

tor register will exceed the physical number of sec-

tors on the track. The user can either issue the

Forced Interrupt command after the last sector, or

wait for the 1771 to interrupt out. In the latter case,

the RECORD-NOT-FOUND status bit will be set.

FLOPPY DISK INTERFACE
For the most part, the actual Floppy Disk Interface

will consist mainly of Buffer/Drivers. Most drives

manufactured today require an open collector TTL
interface, with appropriate resistor terminal net-

works. Figure 2 shows the interface of the 1771 to a

Shugart SA400 Drive. Aside from the data seperator,

the interface consists mainly of7438's and 7414 TTL
gates. A 9602 one-shot is used for the desired head
load delay. In this illustration, the 6800 micropro-

cessor is used via a 6820 Peripheral Interface Adap-
ter to control all functions of the 1771. Similarly,

other parallel port devices (such as the8255 for8080

systems) can be used for the interface, or the 1771

may simply be tied directly to the systems data bus

and cpntrpi lines, proyiding TTL Ipading factors are

observed.

DATA SEPERATION
The internal DATA SEPERATOR of the 1771 can be

used by tying the XTDS line high, and supplying the

combined clock and data pulses on the FD data line.

In order to maintain an error rate better than 1 in 10^,

and external data seperator is recommended.

Since the 1771 system clock is at 2 MHz, this allows

for a 500 ns resolution. The internal data window will

move 500 ns with respect to the incoming data bit.

On the inner tracks of the drive, the bit shift is more
severe and may occasionally cause a data or clock

bit to fall outsideof this data window. Si nee the 1771

will perform up to 5 retries, this error rate may be

acceptable for some applications.

When the XTDS line is forced low, the 1771 will

accept seperated clock and data on the FDCLOCK
and FDDATA lines. Figure 3 illustrates the timing of

these signals. The actual FDCLOCK and FDDATA
lines may be reversed; the 1771 will determine which

line is clock and which is data when an Address
Mark is detected. This feature greatly simplifies the

design of the data seperator.

Figure 4 illustrates the Phase-Lock Loop method for

data seperation. The circuit operates at8 MHz, or32
times the frequency of a received bit cell. The
MC4024 VCO is used to supply the nominal clock

frequency. The first 74LS161 counter provides a

divide by 16 frequency and a carry to one side of the

MC4044 phase detector. The other input of the

MC4044 is tied to another 74LS161 counter which is

affected by the incoming data stream. The output of
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the phase detector is a signal proportional to the dif-

ferences of the incoming pulses. This is then fed

through a low pass filter, and to the input of the

MC4024 to adjust the output frequency. Figures 5

thru 8 illustrate other types of data seperators.

These employ the "Counter Seperator" techniques

and are quite different from the Phase-Lock-Loop

method. With the addition of "One-Shot" delay ele-

ment or an input clock, most of the complexity of the

PPL circuit can be eliminated.

4^S -

BITO

HEX 1

FIRFIR R R R R R FIFIR

FIGURE 1. FM RECORDING.

FIGURE 2. 1771 TO SHUGART SA400 DRIVE

37



XT^ =

EXTERNAL DATA
SEPARATION

*-] h» '''PWX

h

—

'ex

MISSING
DATA

t

\ \-
MISSING
CLOCK

H h n h
I I ^

' PWX -^ [• 'PWX

n
= 150 NS MIN NOTE:
3000 NS MAX 1 ABOVE TIMES ARE DOUBLED WHEN CLK = 1 MHZ

= 3500-5000 NS

FL.

FIGURE 3. EXTERNAL DATA SEPERATOR TIMING.

RAW
DATA

|-»4mS-»]

_jLnji_—|2kS|-^
• NOMINAL

"12

K70
40,

Ti
ll^^
—

^

;=o>-

X

A 3i 4* sT 61

PE LD A B C D

^^ 74LS161
CK T(

MC QA QB QC QD
_iyi4|l3|r2

'^^>-

f>
J^v^fddataQ

- fS. FDCLOCK/-->.

PE LD A B C D

TE 74LS161

CK TC
MCQAQBQCQD
iYmI isI 12I 11

N/CN/C N/C

9?^ 3? 4? sT 6?

LD A B C D

TE 741S161

CK TC
MC QA 08 QC QD

1J14I 13I 12I 111

N/C N/C N/C N/C

t>

3| ^

GJ^

2 2K 01 UF

T^^^^rH

15-60PF OR 33PF FIXED 1 5°:

" 3] 4

inni
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WESTERN DIGITALCORPORATION
'^\yMimil2 SVa" Floppy Disk Controller/Formatter

FEATURES

28 PIN DIP

SINGLE 5V SUPPLY

BUILT-IN DATA SEPARATOR

BUILT-IN WRITE PRECOMPENSATION
51/4" SINGLE AND DOUBLE DENSITY

MOTOR CONTROL

128, 256, 512 OR 1024 SECTOR LENGTHS

TTL COMPATIBLE

8 BIT BIDIRECTIONAL DATA BUS

TWO VERSIONS AVAILABLE
WD1770 = STANDARD 179X STEP RATES
WD1772 = FASTER STEP RATES

cs 1. ^ as z: INTRQ

R/W 2 27 =1 DRQ
AO 3 26 =1 DDEN
A1 4 25 =1 WPRT

DALO 5 24 =1 IP

DAL1 6 23 =1 TROD

DAL2 7 22 =1 WD
DAL3 8 21 ID WG
DAL4 9 20 =1 MO
DAL5 1 10 19 ID RD

DAL6 1 11 18 =1 CLK

DAL7 1 12 17 CD DIRC

MR 1 13 16 ZD STEP

GND 1 14 15 =]vcc

PIN DESIGNATION

DESCRIPTION

The WD1770 is a MOS/LSl device which performs the

functions of a 5^/4 " Floppy Disk Controller/Fornnatter.

It is similar to its predecessor, the WD179X, but also

contains a digital data separator and write precom-

pensation circuitry. The drive side of the interface

needs no additional logic except for buffers/

receivers. Designed for 5V4 " single or double density

operation, the device contains a programmable
Motor On signal.

The WD1770 is implemented in NMOS silicon gate

technology and is available in a 28 pin dual-in-line.

The WD1770 is a low cost version of the FD179X
Floppy Disk Controller/Formatter. It is compatible

with the 179X, but has a built-in digital data separator

and write precompensation circuits. A single read

line (RD, Pin 19) is the only input required to recover

serial FM or MFM data from the disk drive. The
device has been specifically designed for control of

5V4" floppy disk drives with data rates of 125

KBits/Sec (single density) and 250 KBits/Sec (double

density). In addition, write precompensation of 125

Nsec from nominal can be enabled at any point

through simple software commands. Another pro-

grammable feature, Motor On, has been incorporated

to enable the spindle motor automatically prior to

operating a selected drive.

Two versions of the WD1770 are available. The stan-

dard version is compatible with the 179X stepping

rates, while the WD1772 offers stepping rates of 2, 3,

5 and 6 msec.

The processor interface consists of an 8-bit bidirec-

tional bus for transfer of status, data, and commands.
All host communication with the drive occurs

through these data lines. They are capable of driving

one standard TTL load or three "LS" loads.
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PIN
NUMBER PIN NAME SYMBOL FUNCTION

1

2

CHIP SELECT OS

R/W

A logic low on this input selects the chip and
enable Host communication with the device.

A logic high on this in2ut_ controls the

placement of data on the D0-D7 lines from a
selected register, while a logic low causes a

write operation to a selected register

READAA/RITE

3,4 ADDRESS 0,1 A0,A1 These two inputs select a register to ReadA/Vrite

data:

OS A1 AG RM = 1 RAfl^ =

status Reg Command Reg
1 Track Reg Track Reg

1 Sector Reg Sector Reg
1 1 Data Reg Data Reg

5-12

13

DATA ACCESS LINES
THROUGH 7

DAL0-DAL7

MR

Eight bit bidirectional bus used for transfer of

data, control, or status. This bus is enabled by
CS and R/W. Each line will drive one TTL load.

A logic low pulse on this line resets the device

and initializes the status register (internal pull-up).

MASTER RESET

14 GROUND GND Ground.

15 POWER SUPPLY vcc -1- 5V ± 5% power supply input.

16 STEP STEP The Step Q,j:[py| (,Qpfgjpg g pyjse for each step

of the drive's R/W head. The WD1770 and
WD1772 offer different step rates.

17 DIRECTION DIRC The Direction output is high when stepping in

towards the center of the diskette, and low
when stepping out.

18

19

CLOCK CLK

RD

This input requires a free-running 50% duty

cycle clock (for internal timing) at 8 MHZ ± 1 %.

This active low input is the raw data line

containing both clock and data pulses from the

drive.

READ DATA

20 MOTOR ON MO Active high output used to enable the spindle

motor prior to read, write or stepping opera-

tions.

21 WRITE GATE WG This output is made valid prior to writing on the

diskette.

22

23

24

25

26

WRITE DATA WD

TROO

IP

FM or MFM clock and data pulses are placed on
this line to be written on the diskette.

This active low input informs the WD1770 that

the drive's R/W heads are positioned over Track

zero (internal pull-up).

This active low input informs the WD1770 when
ttie physical index hole has been encountered
on the diskette (internal pull-up).

This input is sampled whenever a Write

Command is received. A logic low on this

line will prevent any Write Command from

executing (internal pull-up).

This input pin selects either single (FM) or

double (MFM) density When DDEN = 0, double

density is selected (internal puii-up).

TRACK 00

INDEX PULSE

WRITE PROTECT WPRT

DOUBLE DENSITY
ENABLE

DDEN
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PIN

NUMBER

27

28

PIN NAME

DATA REQUEST

INTERRUPT REQUEST

SYMBOL

DRQ

INTRQ

FUNCTION

This active fiigli output indicates tliat tlie Data
Register is full (on a Read) or empty (on a Write
operation).

This active high output is set at the completion
of any command or reset a read of the Status
Register.

H

s
T

1

N
T
E

R
F

A

E

51/4

"

F

L

P
P

Y

D
R
1

V
E

GLK

WD1770

gndVcc

WG

D0-D7

WD

^ RD

AO

« "iP"

*1 .

CS ,

R/W , TROO

MR WPRT

DRQ

MO

DIRC

INTRQ STEP

+ 5

1^
1 1 1

i DDEN ^

WD1770 SYSTEM BLOCK DIAGRAM

ARCHITECTURE

The Floppy Disk Formatter block diagram is il-

lustrated on page 4. The primary sections include
the parallel processor interface and the Floppy Disk
interface.

Data Shift Register — This 8-bit register assembles
serial data from the Read Data input (RD) during Read
operations and transfers serial data to the Write Data
output during Write operations.

Data Register — This 8-bit register is used as a
holding register during Disk Read and Write opera-
tions. In Disk Read operations, the assembled data
byte is transferred in parallel to the Data Register
from the Data Shift Register In Disk Write operations,

infomnation is transferred in parallel from the Data
Register to the Data Shift Register

When executing the Seek command, the Data Regis-

ter holds the address of the desired Track position.

This register is loaded from the DAL and gated onto
the DAL under processor control.

Track Register — This 8-bit register holds the track
number of the current ReadA/Vrite head position. It is

incremented by one every time the head is stepped in

and decremented by one when the head is stepped
out (towards track 00). The contents of the register
are compared with the recorded track number in the
ID field during disk Read, Write, and Verify opera-
tions. The Track Register can be loaded from or
transferred to the DAL. This Register should not be
loaded when the device is busy

Sector Register (SR) — This 8-bit register holds the
address of the desired sector position. The contents
of the register are compared with the recorded sector
number in the ID field during disk Read or Write
operations. The Sector Register contents can be
loaded from or transferred to the DAL. This register

should not be loaded when the device is busy

Command Register (CR) — This 8-bit register holds
the command presently being executed. This register

should not be loaded when the device is busy unless
the new command is a force interrupt. The command
register can be loaded from the DAL, but not read
onto the DAL.

Status Register (STR) — This 8-bit register holds
device Status information. The meaning of the Status
bits is a function of the type of command previously
executed. This register can be read onto the DAL, but
not loaded from the DAL.

CRC Logic — This logic is used to check or to
generate the 16-bit Cyclic Redundancy Check (CRC).
The polynomial is:

G(x) = x16 + x12 -I- x5 -I- 1.

The CRC includes all information starting with the
address mark and up to the CRC characters. The
CRC register is preset to ones prior to data being
shifted through the circuit.

Arithmetic/Logic Unit (ALU) — The ALU is a serial

comparator, incremented and decrementer and is

used for register modification and comparisons with
the disk recorded ID field.
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WD1770 BLOCK DIAGRAM

Timing and Control — All computer and Floppy Disk

interface controls are generated through this logic.

The internal device tinning is generated from an exter-

nal crystal clock. The FD1770 has two different

modes of operation according to the state of DDEN.

When DDEN = 0, double density (MFM) is enabled.

When DDEN = 1, single density is enabled.

AM Detector — The address mark detector detects

ID, data and index address marks during read and

write operations.

Data Separator — A digital data separator consisting

of a ring shift register and data window detection

logic provides read data and a recovery clock to the

AM detector

PROCESSOR INTERFACE

The interface to the processor is accomplished

through the eight Data Access Lines (DAL) and

associated control signals. The DAL are used to

transfer Data, Status, and Control words out of, or in-

to the WD1770. The DAL are three state buffers that

are enabled as output drivers when Chip Select (CS)

and RA/V = 1 are active or act as input receivers when
CS and RA/V = are active.

When transfer of data with the Floppy Disk Controller

is required by thejiost processor, the device address

is decoded and CS is made low. Theaddress bits A1

and AO, combined with the signal RA/V during a Read

operation or Write operation are interpreted as select-

ing the following registers:
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A1 - AO READ(RAV = 1) WRITE (R/W = 0)

1

1

1 1

Status Register

Track Register

Sector Register

Data Register

Command Register

Track Register

Sector Register

Data Register

During Direct IVIemory Access (DMA) types of data

transfers between the Data Register of the WD1770
and the processor, the Data Request (DRQ) output

is used in Data Transfer control. This signal also

appears as status bit 1 during Read and Write

operations.

On Disk Read operations the Data Request is acti-

vated (set high) when an assembled serial input byte

is transferred in parallel to the Data Register. This bit

is cleared when the Data Register is read by the pro-

cessor. If the Data Register is read after one or more
characters are lost, by having new data transferred in-

to the register prior to processor readout, the Lost

Data bit is set in the Status Register. The Read opera-

tions continues until the end of sector is reached.

On Disk Write operations the Data Request is ac-

tivated when the Data Register transfers its contents

to the Data Shift Register, and requires a new data

byte. It is reset when the Data Register is loaded with

new data by the processor. If new data is not loaded

at the time the next serial byte is required by the

Floppy Disk, a byte of zeroes is written on the

diskette and the Lost Data is set in the Status

Register.

At the completion of every command an INTRO is

generated. INTRO is reset by either reading the

status register or by loading the command register

with a new command. In addition, INTRO is gen-

erated if a Force Interrupt command condition is met.

The WD177 has two modes of operation according

to the state DDEN (Pin 26). When DDEN = 1, single

density is selected. In either case, the CLK input (Pin

18) is at 8 MHZ.

GENERAL DISK READ OPERATIONS

Sector lengths of 128, 256, 512 or 1024 are obtainable

in either FM or MFM formats. For FM, DDEN should

be placed to logical "1!" For MFM formats, DDEN
should be placed to a logical "0!" Sector lengths are

determined at format time by the fourth byte in the

"ID" field.

SECTOR LENGTH TABLE

SECTOR LENGTH
FIELD (HEX)

NUMBER OF BYTES
IN SECTOR (DECIMAL)

00
01

02

03

128

256
512
1024

number of tracks as far as the WD1770 is concerned

is from to 255 tracks.

GENERAL DISK WRITE OPERATION

When writing is to take place on the diskette the

Write Gate (WG) output is activated, allowing current

to flow into the Read/Write head. As a precaution to

erroneous writing the first data byte must be loaded

into the Data Register in response to a Data Request
from the device before the Write Gate signal can be

activated.

Writing is inhibited when the Write Protect input is a
logic low, in which case any Write command is im-

mediately terminated, an interrupt is generated and
the Write Protect status bit is set.

For Write operations, the WD1770 provides Write

Gate (Pin 21) to enable a Write condition, and Write

Data (Pin 22) which consists of a series of active high

pulses. These pulses contain both Clock and Data in-

formation in FM and MFM. Write Data provides the

unique missing clock patterns for recording Address
Marks.

The Precomp Enable bit in Write commands allow

automatic Write precompensation to take place. The
outgoing Write Data stream is delayed or advanced

from nominal by 125 nanoseconds according to the

following table:

PATTERN MFM FM
X 1 1 Early N/A
X 1 1 Late N/A

1 Early N/A
1 Late N/A

-Next Bit to be sent

-Current Bit sending

-Previous Bits sent

Precompensation is typically enabled on the inner-

most tracks where bit shifts usually occur and bit

density is at its maximun.

COMMAND DESCRIPTION

The WD1770 will accept eleven commands. Com-
mand words should only be loaded in the Command
Register when the Busy status bit is off (Status bit 0).

The one exception is the Force Interrupt command.
Whenever a command is being executed, the Busy
status bit is set. When a command is completed, an
interrupt is generated and the Busy status bit is

reset. The Status Register indicates whether the

completed command encountered an error or was
fault free. For ease of discussion, commands are

divided into four types. Commands and types are

summarized in Table 1.

o
>l

ro

The number of sectors per tract as far as the WD1 770

is concerned can be from 1 to 255 sectors. The
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COMMAND SUMMARY

BITS
TYPE COMMAND 7 6 5 4 3 2 1

1 Restore h V ri ro

1 Seek 1 h V n ro

1 Step 1 u h V n ro

1 Step-in 1 u li V n ro

1 Step-out 1 1 u h V ri ro

II Read Sector m h E

II Write Sector 1 m h E p ao

III Read
Address 1 h E

III Read Track 1 1 h E

III Write Track 1 1 1 h E p

IV Force
Interrupt 1 1 1 l3 l2 ii lO

FLAG SUMMARY
TYPE 1 COMMANDS

h = Motor On Flag (Bit 3)

h = 0, Enable Spin-Up Sequence
h = 1, Disable Spin-Up Sequence

V = Verify Flag (Bit 2)

V = 0, No Verify

V = 1, Verify on Destination Track

ri, no = Stepping Rate (Bits 1, 0)

ri, no WD1770 WD1772

6 ms 2 ms
1 12 ms 3 ms10 20 ms 5 ms11 30 ms 6 ms

u = Update Flag (Bit 4)

u = 0, No Update
u = 1, Update Track Register

TYPE II & III COMMANDS

m = Multiple Sector Flag (Bit 4)

m = 0, Single Sector

m = 1, Multiple Sector

ao = Data Address Mark (Bit 0)

ao = 0, Write Normal Data Mark

ao = 1, Write Deleted Data Mark

E = 30ms Settling Delay (Bit 2)

E = 0, No Delay

E = 1, Add 30ms Delay

P = Write Precompensation (Bit 1)

P = 0, Enable Write Precomp
P = 1, Disable Write Precomp

TYPE IV COMMANDS

Is-Iq Interrupt Condition (Bits 3-0)

lO = 1 , Don't Care

h = 1, Don't Care

12 = 1, Interrupt on Index Pulse

13 = 1, Immediate Interrupt

I3-I0 = 0, Terminate without Interrupt

TYPE I COMMANDS
The Type I Commands include the Restore, Seek,

Step, Step-in, and Step-Out commands. Each of the

Type I Commands contains a rate field (ro,ri), which
determines the stepping motor rate.

A 4p(S (MFM) or 8 ^s (FM) pulse is provided as an out-

put to the drive. For every step pulse issued, the drive

moves one track location in a direction determined

by the direction output. The chip will step the drive in

the same direction it last stepped unless the com-
mand changes the direction.

The Direction signal is active high when stepping in

and low when stepping out. The Direction signal is

vatvd 24ms betore the first stepping pulse is

generated.

After the last directional step an additional 30
milliseconds of head settling time takes place if the

Verify flag is set in Type I commands. There is also a
30 ms head settling time if the E flag is set in any
Type II or III command.

When a Seek, Step or Restore command is executed,

an optional verification of Read/Write head position

can be performed by setting bit 2 (V = 1) in the com-
mand word to a logic 1. The verification operation

begins at the end of the 30 millisecond settling time

after the head is loaded against the media. The track

number from the first encountered ID Field is com-
pared against the contents of the Track Register. If

the track numbers compare and the ID Field Cyclic

Redundancy Check (CRC) is correct, the verify opera-

tion is complete and an INTRQ is generated with no
errors. If there is a match but not a valid CRC, the

CRC error status bit is set (Status Bit 3), and the next

encountered ID field is read from the disk for the

verification operation.

The WD1770 must find an ID field with correct track

number and correct CRC within 5 revolutions of the

media, otherwise the seek error is set and an INTRQ
is generated. If V = 0, no verification is performed.

All commands, except the Force Interrupt command,
may be programmed via the h Flag to delay for spin-

dle motor start up time. If the h Flag is set and the

Motor On line (Pin 20) is low when a command is

received, the WD1770 will force Motor On to a logic 1

and wait 6 revolutions before executing the com-
nrt':inr\ At ^DCi DDM +hio ni ipronfppo o /^no oor^onH
i I iCii t\A, r~ii \j\j\j til iTij Liiti_f ^uCii 1^1 i k^^\j va \^t t\^ \^\^\^\^i !>.*

spindle start up time. If after finishing the command,
the device remains idle for 10 revolutions, the Motor
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On line will go back to a logic 0. If a command is

issued while Motor On is high, the command will ex-

ecute immediately, defeating the 6 revolution start

up. This feature allows consecutive Read or Write

commands without waiting for motor start up each
time; the WD1770 assumes the spindle motor is up to

speed.

RESTORE (SEEK TRACK 0)

Upon receipt of this command, the Track 00 (TROO) in-

put is sampled. If TROO is active low indicating the

ReadAA/rite head is positioned over track 0, the Track

Register is loaded with zeroes and an interrupt is

generated. If TROO is not active low, stepping pulses
(Pin 16) at a rate specified by the ri,ro field are issued
until the TROO input is activated.

O

YES
SET

DIRECTION

YES
RESET

DIRECTION

YES

\

ffh to tr

OTODR

k^ kJ

DOES \ YES
TR = DSR

^

IS \ YES
DSR>TR

RESET DIRECTION SET DIRECTION

I

ISSUE
ONE STEP PULSE

DELAY ACCORDING
TO R-i.Rq FIELD

*0^

TYPE I COMMAND FLOW TYPE I COMMAND FLOW
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At this time, tine Track Register is loaded w itii zeroes

and an interrupt is generated. If the TROO input does

not go active low after 255 stepping pulses, the

WD1770 terminates operation, interrupts, and sets

the Seek en-or status bit, providing the V flag is set. A
verification operation also takes place if the V flag is

set. The h bit allows the Motor On option at the start

of command.

SEEK

This command assumes that the Track Register con-

tains the track number of the current position of the

ReadA/Vrite head and the Data Register contains the

desired track number. The WD1770 will update the

Track Register and issue stepping pulses in the ap-

propriate direction until the contents of the Track

Register are equal to the contents of the Data

Register (the desired track location). A verification

TYPE I COMMAND FLOW

operation takes place if the V flag is on. The h bit

allows the Motor On option at the start of the com-

mand. An interrupt is generated at the completion of

the command. Note: When using multiple drives, the

track register must be updated for the drive selected

before seeks are issued.

STEP

Upon receipt of this command, the WD1770 issues

one stepping pulse to the disk drive. The stepping

motor direction is the same as in the previous step

command. After a delay determined by the ri,ro field,

a verification takes place if the V flag is on. If the U
flag is on, the Track Register is updated. The h bit

allows the Motor On option at the start of the com-

mand. An interrupt is generated at the completion of

the command.

STEP-IN

Upon receipt of this command, the WD1770 issues

one stepping pulse in the direction towards track 76.

If the U flag is on, the Track Register is incremented

by one. After a delay detemnined by the ri,ro field, a

verification takes place if the V flag is on. The h bit

allows the Motor On optica at the. start of the com-

mand. An interrupt is generated at the completion of

the command.

STEP-OUT

Upon receipt of this command, the WD1770 issues

one stepping pulse in the direction towards track 0. If

the U flag is on, the Track Register is decremented by

one. After delay determined by the ri,ro field, a

verification takes place if the V flag is on. The h bit

allows the Motor On option at the start of the com-

mand. An interrupt is generated at the completion of

the command.

TYPE II COMMANDS
The Type II Commands are the Read Sector and Write

Sector commands. Prior to loading the Type II Com-
mand into the Command Register, the computer
must load the Sector Register with the desired sector

numt)er. Upon receipt of the Type II command, the

busy status bit is set. If the E flag = 1 the command
will execute after a 30 msec delay

When an ID field is located on the disk, the WD1770
compares the Track Number on the ID field with the

Track Register, if there is not a match, the next en-

countered ID field is read and a comparison is again

made. If there was a match, the Sector Number of the

ID field is compared with the Sector Register. If there

is not a Sector match, the next encountered ID field

is read off the disk and comparisons again made. If

the ID field CRC is correct, the data field is then

located and will be either written into, or read from

depending upon the command. The WD1770 must
find an ID field with a Track number. Sector numbter,

and CRC within four revolutions of the disk, other-
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SET BUSY, RESET DRQ, LOST
DATA, RECORD NOT FOUND, &

STATUS BITS5&6 INTRO

SET MO
WAIT

6 INDEX PULSES

the sector register internally updated so that an ad-

dress verification can occur on the next record. The
WD1770 will continue to read or write nnultiple

records and update the sector register in numerical

ascending sequence until the sector register ex-

ceeds the number of sectors on the track or until the

Force inten-upt command is loaded Into the Com-
mand Register, which terminates the command and
generates an inten-upt.

For example: If the WD1770 is instructed to read sec-

tor 27 and there are only 26 on the track, the sector
register exceeds the number available. The WD1770
will search for 5 disk revolutions, interrupt out, reset

busy, and set the record not found status bit.

READ SECTOR

Upon receipt of the Read Sector command, the Busy
status bit is set, and when a ID field is encountered
that has the correct track number, correct sector
number, and con-ect CRC, the data field is presented
to the computer. The Data Address Mark of the data
field must be found within 30 bytes in single density

and 43 bytes in double density of the last ID field

CRC byte; if not, the ID field is searched for and
verified again followed by the Data Address Mark
search. If after 5 revolutions the DAM cannot be
found, the Record Not Found status bit is set and the

operation is terminated. When the first character or

byte of the data field has been shifted through the
DSR, it is transferred to the DR, and DRQ is

generated. When the next byte is accumulated in the

DSR, it is transferred to the DR and another DRQ is

generated. If the computer has not read the previous

contents of the DR before a new character is tran-

sferred that character is lost and the Lost Data Status
bit is set. This sequence continues until the com-
plete data field has been inputted to the computer. If

there is a CRC error at the end of the data field, the
CRC en-or status bit is set, and the command is

temninated (even if it is a multiple record command).

At the end of the Read operation, the type of Data Ad-
dress Mark encountered in the data field is recorded
in the Status Register (Bit 5) as shown:

STATUS BIT 5

Deleted Data Mark
Data Mark

lO

TYPE II COMMAND

wise, the Record not found status bit is set (Status

Bit 4) and the command is terminated with an inter-

rupt (I NTRQ).

Each of the Type I! Commands contains an (m) flag

which detemnines if multiple records (sectors) are to

be read or written, depending upon the command. If

m = 0, a single sector is read or written and an inter-

mpt is generated at the completion of the command.
If m = 1, multiple records are read or written with

WRITE SECTOR

Upon receipt of the Write Sector command, the Busy
status bit is set. When an ID field is encountered that

has the correct track number, con-ect sector number,

and correct CRC, a DRQ is generated. The WD1770
counts off 11 bytes in single density and 22 bytes in

double density from the CRC field and the Write Gate
(WG) output is made active if the DRQ is sen/iced

(i.e., the DR has tjeen loaded by the computer). If DRQ
has not been serviced, the command is terminated
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ro

NO.

INTRQ, RESET BUSY
SET RECORD-NOT FOUND5

BRING IN SECTOR LENGTH FIELD
STORE LENGTH IN INTERNAL

REGISTER

SET CRC
STATUS ERROR

RESET
CRC

^
TYPE II COMMAND

and the Lost Data status bit is set. If the DRQ has

been serviced, the WG is made active and six bytes

of zeroes in single density and 12 bytes in double

density are then written on the disk. At this time, the

Data Address Mark is then written on the disk as

detemnined by the ao field of the command as shown
below:

ao DATA ADDRESS MARK (BIT 0)

1 Deleted Data Mark
Data Mark

The WD1770 then writes the data field and generates

DRQ's to the computer If the DRQ is not serviced in

time for continuous writing the Lost Data Status Bit
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READ SECTOR
SEQUENCE

PUT RECORD TYPE !N

STATUS REG BIT 5

c
INTRQ, RESET BUSY
SET CRC ERROR

NTRQ RESET BUSY

9

TYPE II COMMAND
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s SEQUENCE

DELAY 2 BYTES OF GAP

I
SET DRQ

DELAY 9 BYTES OF GAP

INTRQ, RESET BUSY
SET LOST DATA )

DELAY 1 BYTE OF GAP

TURN ON WG & WRITE
6 BYTES OF ZEROES DELAY 11 BYTES

WRITE DATA AM
ACCORDING TO Aq FIELD
OF WRITE COMMAND

I
TURN ON WG & WRITE
12 BYTES OF ZEROES

DR TO DSR, SET DRQ

WRITE BYTE TO DISK

SET DATA LOST
WRITE BYTE
OF ZEROES

WRITE CRC

WRITE 1 BYTE OF FF

TURN OFF WG.

TYPE II COMMAND
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is set and a byte of zeroes is written on the disk. Tfie

command is not terminated. After tlie last data byte

lias been written on the disl<, the two-byte CRC is

computed internally and written on the disk followed

by one byte of logic ones in FM or in MFM. The WG
output is then deactivated. INTRQ will set 24fisec

(MFM) after the last CRC byte is written. For partial

sector writing, the proper method is to write data and
fill the balance with zeroes.

TYPE III COMMANDS

Read Address

Upon receipt of the Read Address command, the

Busy Status Bit is set. The next encountered ID field

is then read in from the disk, and six data bytes of the

ID field are assembled and transferred to the DR, and
a DRQ is generated for each byte. The six bytes of the

ID field are shown below:

TRACK
ADDR

SIDE
NUMBER

SECTOR
ADDRESS

SECTOR
LENGTH

CRC
1

CRC
2

1 2 3 4 5 6

Although the CRC characters are transferred to the

computer, the WD1770 checks for validity and the

CRC error status bit is set if there is a CRC error The
Track Address of the ID field is written into the sector

register so that a comparison can be made by the

user At the end of the operation an interrupt is

generated and the Busy Status is reset.

Read Track

Upon receipt of the READ track command, the head
is loaded and the Busy Status bit is set. Reading
starts with the leading edge of the first encountered

index pulse and continues until the next index pulse.

All Gap, Header, and data bytes are assembled and
transferred to the data register and DRQ's are

generated for each byte. The accumulation of bytes

is synchronized to each address mark encountered.

An interrupt is generated at the completion of the

command.

This command has several characteristics which
make it suitable for diagnostic purposes. They are: no
CRC checking is performed; gap information is in-

cluded in the data stream; and the address mark
detector is on for the duration of the command.
Because the AM detector is always on, write splices

or noise may cause the chip to look for an AM. Q
The ID AM, ID field, ID CRC bytes, DAM, Data, and ^
Data CRC Bytes for each sector will be correct. The j^
Gap Bytes may be read incorrectly during write-splice

time because of synchronization.

WRITE TRACK FORMATTING THE DISK

(Refer to section on Type III commands for flow

diagrams.)

Formatting the disk is a relatively simple task when
operating programmed I/O or when operating under
DMA with a large amount of memory Data and gap
information must be provided at the computer inter-

face. Formatting the disk is accomplished by posi-

tioning the R/W head over the desired track number
and issuing the Write Track command.

Upon receipt of the Write Track command, the Busy
Status bit is set. Writing starts with the leading edge
of the first encountered index pulse and continues
until the next index pulse, at which time the interrupt

is activated. The Data Request is activated im-

mediately upon receiving the command, but writing

will not start until after the first byte has been loaded
into the Data Register. If the DR has not been loaded

within 3 byte times, the operation is terminated

making the device Not Busy, the Lost Data Status Bit

is set, and the interrupt is activated. If a byte is not

present in the DR when needed, a byte of zeroes is

substituted.

This sequence continues from one index mark to the

next index mark. Normally, whatever data pattern ap-

pears in the data register is written on the disk with a
nomrial clock pattern. However, if the WD1770 detects

a data pattern of F5 through FE in the data register,

this is interpreted as data address marks with

missing clocks or CRC generation.

DATA PATTERN
IN DR (HEX) IN FM (DDEN = 1) IN MFM (DDEN = 0)

00 thru F4 Write 00 thru F4 with CLK = FF Write00thruF4,inMFM
F5 Not Allowed Write A1 * in MFM, Present CRC
F6 Not Allowed WriteC2**inMFM
F7 Generate 2 CRC bytes Generate 2 CRC bytes

F8 thru FB Write F8 thru FB, CLK = C7, Preset CRC Write F8 thru FB, in MFM
FC Write FC with CLK = D7 Write FC in MFM
FD Write FD with CLK = FF Write FD in MFM
FE Write FE, CLK = C7, Preset CRC Write FE in MFM
FF Write FF with CLK = FF Write FF in MFM

"Missing clock transition between bits 4 and 5.

'Missing clock transition between bits 3 and 4.
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M
O
IS

>!
ro

SET BUSY, RESET DRQ,
LOST DATA STATUS

BITS 4, 5

YES

SET MO
DELAY 6

INDEX PULSES

NO

/' \ YES y^ IS

( INTRO RESET W< WPRT =
Ibusysetwprt

DELAYS BYTE
TIMES

SET INTRO
LOST DATA
RESET BUSY

SET DRQ

^

TYPE ill COMMAND WRITE TRACK
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to

WRITE 2 CRC
CHARS. CLK = FF

WRITE FC
CLK = D7

WRITE FD, FE OR
F8-F9, CLK = C7
INITIALIZE CRC

WRITE
BYTE OF ZEROES
SET DATA LOST

WRITE A1 IN MFM
WITH MISSING

CLOCK INITIALIZE

CRC

WRITE C2 IN MFM
WITH MISSING

CLOCK

WRITE 2 CRC
CHARS.

TYPE III COMMAND WRITE TRACK
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O

The CRC generator is initialized when any data byte

from F8 to FE Is about to be transferred from the DR
to the DSR in FM or by receipt of F5 in MFM. An F7
pattern will generate two CRC characters in FM or

MFM. As a consequence, the patterns F5 through FE
must not appear in the gaps, data fields, or ID fields.

Also, CRC's must be generated by an F7 pattern.

Disks may be formatted in IBM 3740 or System 34 for-

mats with sector lengths of 128, 256, 512, or 1024

bytes.

TYPE IV COMMANDS
The Forced Interrupt command is generally used to

terminate a multiple sector read or write command or

to insure Type I status in the status register This

command can be loaded into the command register

at any time. If there is a current command under ex-

ecution (busy status bit set) the command will be ter-

minated and the busy status bit reset.

The lower four bits of the command determine the

conditional interrupt as follows:

Iq = Don't Care

ll = Don't Care
\2- Every Index Pulse
I3 = Immediate Interrupt

The conditional interrupt is enabled when the cor-

responding bit positions of the command (I3-I0) are

set to a 1. Then, when the condition for interrupt is

met, the INTRQ line will go high signifying that the

condition specified has occurred. If I3-I0 are all set to

zero (HEX DO), no interrupt will occur but any com-
mand presently under execution will be immediately

terminated. When using the immediate interrupt con-

dition (I3 = 1) an interrupt will be immediately

generated and the current command terminated.

Reading the status or writing to the command
register will not automatically clear the interrupt. The
HEX DO is the only command that will enable the im-

mediate interrupt (HEX D8) to clear on a subsequent
load command register or read status register opera-

tion. Follow a HEX D8 with DO command.

Wait 16 micro sec (double density) or 32 micro sec
(single density) before issuing a new command after

issuing a forced interrupt. Loading a new command
sooner than this will nullify the forced interrupt.

Forced interrupt stops any command at the end of an
internal micro-instruction and generates INTRQ
when the specified condition is met. Forced inten^upt

will wait until ALU operations in progress are com-
plete (CRC calculations, compares, etc.).

Status Register

Upon receipt of any command, except the Force In-

terrupt command, the Busy Status bit is set and the

rest of the status bits are updated or cleared for the

new command. If the Force Interru'^t Command is

received when there is a current command under ex-

ecution, the Busy status bit Is reset, and the rest of

the status bits are unchanged. If the Force Interrupt

command is received when there is not a current

command under execution, the Busy Status bit is

reset and the rest of the status bits are updated

or cleared. In this case, Status reflects the Type I

commands.

The user has the option of reading the status register

through program control or using the DRQ line with

DMA or interrupt methods. When the Data register is

read the DRQ bit in the status register and the DRQ
line are automatically reset. A write to the Data

register also causes both DRQ's to reset.

The busy bit in the status may be monitored with a
user program to determine when a command is com-
plete, in lieu of using the INTRQ line. When using the

INTRQ, a busy status check is not recommended
because a read of the status register to determine the

condition of busy will reset the INTRQ line.

The format of the Status Register is shown below:

(BITS)
1

7 6 5 4 3 2 1

S7 S6 S5 S4 S3 S2 SI SO

RECOMMENDED - |28 BYTES/SECTOR

Shown below is the recommended single-density for-

mat with 128 bytes/sector In order to format a disk-

ette, the user must issue the Write Track command,
an,d load the data register with the following values.

For every byte to be written, there is one Data
Request.

NUMBER
OF BYTES HEX VALUE OF BYTE WRITTEN

40

6

FF(orOO)

00
1

1

FE (ID Address Mark)

Track Number
1

1

1

1

11

6

Side Number (00 or 01)

Sector Number(1 thru 1A)

00 (Sector Length)

F7 (2 CRC's written)

FF(orOO)

00
1

128

1

10
369**

FB (Data Address Mark)

Data (IBM uses E5)

F7 (2 CRC's written)

FF(orOO)

FF(orOO)

'Write bracketed field 16 times.

**Continue writing until WD1770 inten-upts out.

Approx. 369 bytes.

256 BYTES/SECTOR

Shown below is the recommended dual-density for-

mat with 256 bytes/sector. In order to format a
diskette the user must Issue the Write Track com-
mand and load the data register with the following

values. For every byte to be written, there is one data
request.
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INDEX
pii| cp _, ,_,

CH SECT^

/
40 BYTES

'FF'

6 BYTES
OO'

ID

FE'
TRACK

#

SIDE
#

SECTOR
#

LENGTH CRC
1

CRC
2

11 BYTES
•FF'

6 BYTES
GO'

DATA
ADR
MARK

USER DATA
128 BYTES

CRC
1

CRC
2

10 BYTES /
FF r

WRITE GATE

SINGLE DENSITY FORMAT

INDEX
PULSE.

60 BYTES
'4E'

12 BYTES
CO'

3 BYTES
A1'

REPEATED
FOR EACH SECTOR-

TRACK
#

SIDE
#

SECTOR
#

LENGTH
#

CRC
2

22 BYTES
'4E'

12 BYTES
00'

3 BYTES
A1'

USER DATA
256 BYTES

WRITE GATE

-

CRC
1

CRC
2

24 BYTES
'4E'

DOUBLE DENSITY FORMAT

ZZZk/OZZ l-QM
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NUMBER
OF BYTES HEX VALUE OF BYTE WRITTEN

60 4E
0012

3

1

1

1

1

1

1

22

F5 (Writes A1)

FE (ID Address IVlark)

Track Number (0 thru 4C)

Side Number (0 or 1)

Sector Number (1 thru 1A)

01 (Sector Length)

F7 (2 CRC's written)

4E
12 00
3
1

256

F5 (Writes A1)

FB (Data Address Mark)

DATA
1

24
F7 (2 CRC's written)

4E
4E668**

* Write bracketed field 16 times.
** Continue writing until WD1770 interrupts out.

Approx. 668 bytes.

1. Non-Standard Formats

Variations in the recommended formats are possible

to a limited extent If the following requirements are

met:

1) Sector size must be 128, 256, 512 of 1024 bytes.

2) Gap 2 cannot be varied from the recommended
format.

3) 3 bytes of A1 must be used in MFM.

In addition, the Index Address Mark is not required

for operation by the WD1770 Gap 1, 3, and 4 lengths

can be as short as 2 bytes for WD1770 operation,

however PLL lock up time, motor speed variation,

write-splice area, etc. will add more bytes to each gap
to achieve proper operation. It is recommended that

the recommended format be used for highest system
reliability

FM MFM
Gapl 16 bytes FF 32 bytes 4E

Gap II 11 bytes FF 22 bytes 4E

*
6 bytes 00 12 bytes 00

3 bytes A1

Gap III** 10 bytes FF
4 bytes 00

24 bytes 4E
8 bytes 00
3 bytes A1

Gap IV 16 bytes FF 16 bytes 4E

'Byte counts must be exact
*Byte counts are minimum, except exactly 3 bytes

of A1 must be written.

STATUS REGISTER DESCRIPTION

BIT NAME MEANING
S7 MOTOR ON This bit reflects the status of the Motor On output.

S6 WRITE PROTECT On Read Record: Not Used. On Read Track: Not Used. On any Write: It indicates a
Write Protect. This bit is reset when updated.

S5 RECORD
TYPeSPIN-UP

When set, this bit indicates that the Motor Spin-Up sequence has completed (6

revolutions) on Type 1 commands. Type 2 & 3 commands, this bit indicates record
Type. = Data Mark. 1 = Deleted Data Mark.

S4 RECORD NOT
FOUND (RNF)

When set, it indicates that the desired track, sector, or side were not found. This bit

is reset when updated.

S3 CRC ERROR If S4 is set, an error is found in one or more ID fields; otherwise it indicates error in

data field. This bit is reset when updated.

S2 LOST DATA/
TRACK 00

When set, it indicates the computer did not respond to DRQ in one byte time. This
bit is reset to zero when update. On Type 1 commands, this bit reflects the status of

the TRACK 00 Pin.

SI DATA REQUEST/
INDEX

This bit is a copy of the DRQ output. When set, it indicates the DR is full on a Read
Operation or the DR is empty on a Write operation. This bit is reset to zero when
updated. On Type 1 commands, this bit indicates the status of the Index Pin.

SO BUSY When set, command is under execution. When reset, no command is under
execution.

DC ELECTRICAL CHARACTERISTICS

k^ AVIKyll IKil DATIM/OQ
ivi^V\ilVlwivi i-iMlli\«.^D

Storage Temperature -55°Cto -i-125°C

Operating Temperature 0°C to 70''C Ambient
Maximum Voltage to Any Input

with Respect to Vss (-15 to -0.3V)
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DC OPERATING CHARACTERISTICS

TA = 0°C to 70° C, VSS = OV, VcC = +5V ±.25V

SYMBOL CHARACTERISTIC MIN. MAX. UNITS CONDITIONS

l|L Input Leakage 10 hA V|N = VcC

IQL Output Leakage 10 f^ VOUT = Vqc

V|H Input High Voltage 2.0 V

V|L Input Low Voltage 0.8 V

vqh Output High Voltage 2.4 V l0= -lOO^A

Vol Output Low Voltage 0.40 V lO = 1.6 mA

pd Power Dissipation .75 w
Rpu Internal Pull-Up 100 1700 mA V|N = OV

Ice Supply Current 75(Typ) 150 mA

si
>lO
>lM

AC TIMING CHARACTERISTICS

TA = 0°Cto70°C,Vss = 0V,VCC = +5V ±.25V

READ ENABLE TIMING — RE such that : R/W = 1 , CS = 0.

SYMBOL CHARACTERISTIC MIN. TYP. MAX. UNITS CONDITIONS

IRE RE Pulse Width of 08 150 nsec Cl = 50 pf

TDRR DRQ Reset from RE 25 100 nsec

TIRR INTRO Reset from RE 8000 nsec

TDV Data Valid from RE 100 200 nsec Cl = 50 pf

TDOH Data Hold from RE 50 150 nsec Cl = 50 pf

Note: DRQ and INTRO reset are from rising edge (lagging) of RE, whereas resets are from falling edge (leading)

of WE.

WRITE ENABLE TIMING - WE such that

:

RAA/ = 0, CS = 0.

SYMBOL CHARACTERISTIC MIN. TYP. MAX. UNITS CONDITIONS

TAS Setup ADDR to CS 50 nsec

TSET Setup R/W to CS nsec

TAH Hold ADDR from CS 20 nsec

THLD Hold R/W from CS nsec

TWE WE Pulse Width 150 nsec

TDRW DRQ Reset from WE 100 200 nsec

TIRW INTRO Reset from WE 8000 nsec

IDS Data Setup toWE 150 nsec

TDH Data Hold from WE nsec
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DALS
0-7

R,/W

DRQ

X X
Tdv

Tds-

Trb Twe

< Tdh

•* Tdoh ^

TSET Thld

X X
TasJ
X

Tah

X

* Tdrr

Tdrw *•

REGISTER TIMINGS
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< WRITE DATA TIMING

a

lO

SYMBOL CHARACTERISTIC MIN. TYP. MAX. UNITS CONDITIONS

Twg Write Gate to Write Data 4

2

fisec

fisec

FM
MFM

Tbc Write Data Cycle Time 4,6,8 /^sec

Twf Write Gate off from WD 4

2

^isec

/isec

FM
MFM

Twp Write Data Pulse Width 820
690
570

1380

nsec
nsec
nsec
nsec

Early MFM
Nominal MFM
Late MFM

FM

INPUT DATA TIMING:

SYMBOL
TPW
TBC

CHARACTERISTIC

Raw Read Pulse Width

Raw Read Cycle Time

MIN.

200

3000

TYR MAX. UNITS

nsec

nsec

CONDITIONS

MISCELLANEOUS TIMING:

SYMBOL CHARACTERISTIC MIN. TYR MAX. UNITS CONDITIONS

TCDi Clock Duty (low) 50 67 nsec

TCD2 Clock Duty (high) 50 67 nsec

TSTP Step Pulse Output 4

8
fisec

MFM
FM

TDIR Dir Setup to Step 24
48

fisec
MFM
FM

TMR Master Reset Pulse Width 50 ^isec

TIP Index Pulse Width 20 fisec
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Vol

STEP

Vol

Tip
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LTL
H

*^TcDi
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^^f
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See page 481 for ordering information.
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CORPORAT/ON
WD1773 5V4'' Floppy Disk Controller/Formatter

FEATURES

100% SOFTWARE COMPATIBILITY WITH
WD1793

BUILT-IN DATA SEPARATOR

BUILT-IN WRITE PREGOMPENSATION

SINGLE (FM) AND DOUBLE (MFM) DENSITY

28 PIN DIP, SINGLE +5V SUPPLY

TTL COMPATIBLE INPUTS/OUTPUTS

128, 256, 512 OR 1024 SECTOR LENGTHS

8-BIT BI-DIRECTIONAL HOST INTERFACE

DESCRIPTION

The WD1773 is an MOS/LSI device which performs

the functions of a ^Va" Floppy Disk Controller/

Fornnatter It is fully software compatible with

the Western Digital WD1 793-02, allowing the

designer to reduce parts count and board size on an

existing WD1793 based design without software

modifications.

With the exception of the enable Precomp/Ready
line, the WD1773 is identical to the WD1770 con-

troller This line serves as both a READY input from

the drive during READ/STEP operations, and as a
Write Precompensation enable during Write opera-

tions. A built-in digital data separator virtually

eliminates all external components associated with

data recovery in previous designs.

The WD1773 is implemented in NMOS silicon gate

technology and is available in a 28 pin, dual-in-line

package.

OS CZ ,.
^

28 ZD INTRQ

R/W d 2 27 zn DRQ
AO nz 3 26m DDEN
A1 ZH 4 25 =1 WPRT

DALO 1=: 5 24 =] IP

DAL1 c= 6 23^ TROD

DAL2 7 22 =) WD
DAL3 1 8 21 =D WG
DAL4 1 9 20 =1 END/RDY

DAL5 1 10 19 m RD
DAL6 1 11 18 =1 CLK
DAL7 r~~j 12 175 DIRC

MR 1 13 16 1^ STEP

GND H 14 15^ Vcc

PIN DESIGNATION

67



PIN DESCRIPTION

PIN
NUMBER PIN NAME SYMBOL FUNCTION

1

2

CHIP SELECT cs

RM/

A logic low on this input selects the chip and
enable Host communication with the device.

A logic high on this input controls the

placement of data on the D0-D7 lines from a

selected register, while a logic low causes a
write operation to a selected register.

READ/WRITE

3,4 ADDRESS 0,1 A0,A1 These two inputs select a register to ReadAA/rite

data:

CS A1 AG R/W = 1 R/W =

status Reg Command Reg
1 Track Reg Tracl<Reg

1 Sector Reg Sector Reg
1 1 Data Reg Data Reg

5-12

13

DATA ACCESS LINES
THROUGH 7

DAL0-DAL7

MR

Eight bit bidirectional bus used for transfer of

data, control, or status. This bus is enabled by
CS and RA/V. Each line will drive one TTL load.

A logic low pulse on this line resets the device

and initializes the status register.

MASTER RESET

14 GROUND GND Ground.

15
16"'

POWER SUPPLY vqc + 5V ± 5% power supply input.

STEP STEP The Step output contains a pulse for each step

of the drive's RAA/ head. The WD1770 and
WD1 772 offer different step rates.

17 DIRECTION DIRC The Direction output is high when stepping in

towards the center of the diskette, and low
when stepping out.

18

19

CLOCK CLK

RD

This input requires a free-running 50% duty

cycle clock (for internal timing) at 8 MHZ ± 1 %.

This active low input is the raw data line

containing both clock and data pulses from the

dnve.

READ DATA

20 ENABLE PRECOMP/
READY LINE

ENP/RDY Serves as a READY input from the drive during

READ/STEP operations and as a Write Precomp
enable during write operations.

21 WRITE GATE WG This output is made valid prior to writing on the

diskette.

22

23

24

25

26

WRITE DATA WD

TROO

IP

FM or MFM clock and data pulses are placed on
this line to be written on the diskette.

This active low input informs the WD1770 that

the drive's RA/V heads are positioned over Track

zero.

This active low input informs the WD1 770 when
the physical index hole has been encountered
on the diskette.

This input is sampled whenever a Write

Command is received. A logic low on this

line will prevent any Write Command from

executing.

This input pin selects either single (FM) or

double (MFM) density When DDEN = 0, double

density is selected.

TRACK 00

INDEX PULSE

WRITE PROTECT WPRT

DOUBLE DENSITY
ENABLE

DDEN
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PIN DESCRIPTION (CONTINUED)

PIN
NUMBER PIN NAME SYMBOL FUNCTION

27

28

DATA REQUEST

INTERRUPT REQUEST

DRQ

INTRQ

This active iiigh output indicates that the Data

Register is full (on a Read) or empty (on a Write

operation).

This active high output is set at the completion

of any command or reset a read of the Status

Register

CO
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See page 481 for ordering information.
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WESTERN DIGITAL
R N

'^Xy\ll^n'2m 5y4" Floppy Disk Controller/Formatter

Family Application Notes

INTRODUCTION

To meet the demand for a low cost compact LSI Flop-

py Disk Controller device, Western Digital has de-

veloped the WD1770. The WD1770 is a NMOS floppy

disk controller device for 5V4" drives that incorpor-

ates the FD179X, a digital data separator and write

precompensation circuitry all in a single chip. The

device offers soft sector formatting, selectable step-

ping rates, automatic track seek with verify, and vari-

able sector lengths. The FD1770 comes in a 28-pin

dual-in-line package and operates from a single 5 volt

only power supply

APPLICATIONS

The mini-floppy controller is targeted for the low cost

sector of the disk drive market, where digital data

separation is preferred over analog phase lock loop.

Included in this market are Personal Computers,

Portable Computers and Small Business Computers.

FOLLOW ON DEVICES

WD1772

The device will be the same as the WD1770 except

for increased stepping rates of 2, 3, 5 and 6ms.

WD1773

The device will be the same as the WD1770 except

that it will be totally software compatible with the

FD179X (No motor on feature).

HOST INTERFACING

Interfacing to a host processor is accomplished

through the eight bit bidirectional Data Access Lines

(DAL) and associated control lines. The DAL is used

to transfer data, status and control words out of or

into WD1770. The DAL having three states enabled as

an output when Chip Select (CS) is active low and

ReadA/Vrite (FWi/) is high or as input receiver when CS
and FVW is low. When transfer of data with the device

is required by the host CS is made low. The address

bits AO and A1 combined with the FWi/ line select the

register and direction of data.

During Direct Memory Access (DMA) data transfers

between the WD1770 and Host Memory, the Data Re-

quest (DRQ) line is used in Data Transfer Control.

This signal also appears as status bit 1 during Read/

Write operations. On Disk Read operations the DRQ
is active when an assembled byte is present in the

Data Register, then reset when read by the Host. If

the Host fails to read the Data register before the fol-

lowing byte is assembled in the data register the lost

data bit is set in Status Register.

At the completion of every command INTRQ is gener-

ated. INTRQ is reset by either reading the status or by

loading the command register (After any register is

written to the same register cannot be read from until

leasee in MFM or32jusec in FM have elasped.)

DISKETTE DRIVE INTERFACING

The WD1770 has two modes of operation depending

on the state of DDEN, regardless of the state DDEN
the CLK input remains at 8 MHz. Disk Reads with

sector lengths of 128, 256, 512 and 1024 byte sector

in both FM or MFM from 5V4" diskettes is accom-

plished via the internal digital data separator Disk

Write operation in MFM on inner tracks may require

write precompensation. Write precompensation is

enabled when bit 1 =0, in the write command and a

precompensation value of 125 ns will be produced.

The diskettes spindle motor is controlled by bit 3 of

any Type I, II or III command, upon receiving a com-

mand with bit 3 = 0, the spin up sequence is enabled.

GENERAL INFORMATION

A -I- 5 volt supply ± 5% should be used as Vcc. and

the clock input requires a free running 50% duty

cycle at 8 MHz ± 1%.

o
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NCORPORAT/ i

FD179X-02

Floppy Disk Formatter/Controller Family

FEATURES

• TWO VFO CONTROL SIGNALS - RG & VFOE
• SOFT SECTOR FORMAT COMPATIBILITY
• AUTOMATIC TRACK SEEK WITH VERIFICATION
• ACCOMMODATES SINGLE AND DOUBLE DENSITY

FORMATS
IBM 3740 Single Density (FM)

IBM System 34 Double Density (MFM)

Non IBM Format for Increased Capacity

• READ MODE
Single/Multiple Sector Read with Automatic Search or

Entire Track Read

Selectable 128, 256, 512 or 1024 Byte Sector Lengths

• WRITE MODE
Single/Multiple Sector Write with Automatic Sector

Search

Entire Track Write for Diskette Formatting

• SYSTEM COMPATIBILITY

Double Buffering of Data 8 Bit Bi-Directional Bus for

Data, Control and Status

DMA or Programmed Data Transfers

All Inputs and Outputs are TTL Compatible

On-Chip Track and Sector Registers/Comprehensive

Status Information

• PROGRAMMABLE CONTROLS
Selectable Track to Track Stepping Time

Side Select Compare
• INTERFACES TO WD1 691 DATA SEPARATOR
• WINDOW EXTENSION
• INCORPORATES ENCODING/DECODING AND
ADDRESS MARK CIRCUITRY

• FD1792/4 IS SINGLE DENSITY ONLY
• FD1 795/7 HAS A SIDE SELECT OUTPUT

179X-02 FAMILY CHARACTERISTICS

n
o
CO
X
o
lO

FEATURES 1791 1792 1793 1794 1795 1797

Single Density (FM) X X X X X X

Double Density (MFM) X \ X X X

True Data Bus X X X

Inverted Data Bus X X X

Write Precomp X X X X X X

Side Selection Output
,

X X

APPLICATIONS

8" FLOPPY AND 51/4" MINI FLOPPY CONTROLLER
SINGLE OR DOUBLE DENSITY
CONTROLLER/FORMATTER

NC [I
- -^ 40 ^ VoDi-' '2V

WE c 2 39 ~j INTRQ

CS c 3 38 ~ DRQ

RE c 4 37 "j DDEN---

*0 c 5 36 ": WPRT

A, c 6 36
"- IP

••DALO c

c

7 34

8 33

- TROO

DAL1 ~: WF/VFOE

DAL 2 L 9 J2 "^ READY

DAL 3 C 10 31 ~ WD

DAL 4 c 11 30 ~ WG

DAL 5 c 1? 29 ^ TG43

DAL 6 13 28 ^ HLD

DAL 7 14 27 - RAW READ

STEP c 15 26 ^ RCLK

DIRC :: 16 25 b •

EARLY c 17 24 ^ CLK

LATE c 18 23 "1 HLT

MR r 19 22 -] TEST

GNO)Vss - 20 21 J Vj,(, (+5VI

•1791/3 = RG 1795/7= SSO
••1793/7 TRUE BUS

•••1792/4 OPE N

PIN DESIGNATION

< DATA (8) :>
AO

A1

CS

RE

WE

MR

r

FLOPPY DISK
CONTROLLER
FORMATTER

vss VdD vcc

ONE SHOT
(IF USED)

1

FD179X SYSTEM BLOCK DIAGRAM
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PIN OUTS

n
S
>!

X
o
ro

PIN

NUMBER PIN NAME SYMBOL FUNCTION

1

19

NO CONNECTION NC

MR

Pin 1 is internally connected to a back bias generator and

must be left open by the user.

A logic low (50 microseconds min.) on this input resets the

device and loads HEX 03 into the command register. The Not

Ready (Status Bit 7) is reset during MR ACTIVE. When MR is

brought to a logic high a RESTORE Command is executed,

regardless of the state of the Ready signal from the drive.

Also, HEX 01 is loaded into sector register.

MASTER RESET

20 POWER SUPPLIES Vss Ground

21 Vcc + 5V±5%
40 Vdd + 12V±5%

COMPUTE

2

3

4

R INTERFACE

WE

CS

RE

A logic low on this input gates data on the DAL into the

selected register when CS is low.

A logic low on this input selects the chip and enables

computer communication with the device.

A logic low on this input controls the placement of data from a

selected register on the DAL when CS is low.

WRITE ENABLE

CHIP SELECT

READ ENABLE

5,6 REGISTER SELECT LINES A0,A1 These inputs select the register to receive/transfer data on the

DAL lines under RE and WE control:

CS A1 AO RE WE

7-14

Status Reg Command Reg
1 Track Reg Track Reg

1 Sector Reg Sector Reg
1 1 Data Reg Data Reg

Eight bit Bidirectional bus used for transfer of data, control,

and status. This bus is receiver enabled by WE or transmitter

enabled by RE. Each line will drive 1 standard TTL load.

DATA ACCESS LINES DAL0-DAL7

24

1

CLOCK CLK This input requires a free-running 50% duty cycle square wave
clock for internal timing reference, 2 MHz ± 1% for 8" drives,

1 MHz ±1% for mini-floppies.

38 DATA REQUEST DRQ This open drain output indicates that the DR contains

assembled data in Read operations, or the DR is empty in

Write operations. This signal is reset when serviced by the

computer through reading or loading the DR in Read or Write

operations, respectively. Use 10K pull-up resistor to -i- 5.

39

FLOPPY D

INTERRUPT REQUEST

ISK INTERFACE:

INTRO This open drain output is set at the completion of any com-
mand and is reset when the STATUS register is read or the

command register is written to. Use 10K pull-up resistor to

+ 5.

15 STEP STEP The step output contains a pulse for each step.

16 DIRECTION DIRC Direction Output is active high when stepping in, active low

when stepping out.

17 EARLY EARLY Indicates that the WRITE DATA pulse occuring while Early is

active (high) should be shifted early for write precom-
|

pensation. 1

18 LATE LATE Indicates that the write data pulse occun-ing while Late is

active (high) should be shifted late for write precompensation.
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PIN

NUMBER

22

23

25

25

26

27

28

29

30

31

32

33

PIN NAME
TEST

HEAD LOAD TIMING

READ GATE
(1791,1792,1793,1794)

SIDE SELECT OUTPUT
(1795, 1797)

SYMBOL

READ CLOCK

RAW READ

HEAD LOAD

TRACK GREATER THAN 43

WRITE GATE

WRITE DATA

READY

TEST

HLT

RG

SSO

RCLK

WRITE FAULT
VFO ENABLE

34 TRACK 00

RAW READ

HLD

TG43

WG

WD

READY

WF/VFOE

TROO

FUNCTION

This input is used for testing purposes only and sliould be tied

to + 5V or left open by the user unless interfacing to voice coil

actuated steppers.

When a logic high is found on the HLT input the head is

assumed to be engaged. It is typically derived from a 1 shot
triggered by HLD.

This output is used for synchronization of external data
separators. The output goes high after two Bytes of zeros in

single density, or 4 Bytes of either zeros or ones in double
density operation.

The logic level of the Side Select Output is directly controlled

by the 'S' flag in Type II or III commands. When U = 1, SSO is

set to a logic 1. When U = 0, SSO is set to a logic 0. The SSO
is compared with the side information in the Sector I.D. Field.

If they do not compare Status Bit 4 (RNF) is set. The Side
Select Output is only updated at the beginning of a Type II or

III command. It is forced to a logic upon a MASTER RESET
condition.

A nominal square-wave clock signal derived from the data
stream must be provided to this input. Phasing (i.e. RCLK
transitions) relative to RAW READ is important but polarity

(RCLK high or low) is not.

The data input signal directly from the drive. This input shall

be a negative pulse for each recorded flux transition.

The HLD output controls the loading of the Read-Write head
against the media

This output informs the drive that the ReadA/Vrite head is

positioned between tracks 44-76. This output is valid only
during Read and Write Commands.

This output is made valid before writing is to be performed on
the diskette.

A 200 ns (MFM) or 500 ns (FM) output pulse per flux transition.

WD contains the unique Address marks as well as data and
clock in both FM and MFM formats.

This input indicates disk readiness and is sampled for a logic

high before Read or Write commands are performed. If Ready
is low the Read or Write operation is not performed and an
interrupt is generated. Type I operations are performed
regardless of the state of Ready. The Ready input appears in

inverted format as Status Register bit 7.

This is a bi-directional signal used to signify writing faults at

the drive, and to enable the external PLC data separator. When
WG = 1 , Pin 33 functions as a WF input. If WF = 0, any write

command will immediately be terminated. When WG = 0, Pin

33 functions as a VFOE output. VFOE will go low during a read

operation after the head has loaded and settled (HLT = 1). On
the 1795/7, it will remain low until the last bit of the second
CRC byte in the ID field. VFOE will then go high until 8 bytes
(MFM) or 4 bytes (FM) before the Address Mark. It will then go
active until the last bit of the second CRC byte of the Data
Field. On the 1791/3, VFOE will remain low until the end of the

Data Field. This pin has an internal 100K Ohm pull-up resistor.

This input informs the FD179X that the ReadA/Vrite head is

positioned over Track 00.
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PIN NUMBER PIN NAME SYMBOL FUNCTION

35

36

37

INDEX PULSE IP This input informs the FD179X when the index hole is en-

countered on the diskette.

This input is sampled whenever a Write Command is received.

A logic low terminates the command and sets the Write

Protect Status bit.

This input pin selects either single or double density

operation. When DDEN = 0, double density is selected. When

DDEN = 1, single density is selected. This line must be left

open on the 1792/4.

WRITE PROTECT WPRT

DOUBLE DENSITY DDEN

GENERAL DESCRIPTION

The FD179X are N-Channel Silicon Gate MOS LSI

devices which perform the functions of a Floppy Disk

Formatter/Controller in a single chip implementation.

The FD179X, which can be considered the end result

of both the FD1771 and FD1781 designs, is IBM 3740

compatible in single density mode (FM) and System 34

compatible in Double Density Mode (MFM). The

FD179X contains all the features of its predecessor the

FD1771, plus the added features necessary to

read/write and format a double density diskette. These

include address mark detection, FM and MFM encode

and decode logic, window extension, and write precom-

pensation. In order to maintain compatibility, the

FD1771, FD1781,~ahd FDT79X designs were made as

close as possible with the computer interface, instruc-

tion set, and I/O registers being identical. Also, head

load control is identical. In each case, the actual pin

assignments vary by only a few pins from any one to

another.

The processor interface consists of an 8-bit bi-direc-

tional bus for data, status, and control word transfers.

The FD179X is set up to operate on a multiplexed bus

with other bus-oriented devices.

The FD179X is TTL compatible on all inputs and

outputs. The outputs will drive ONE TTL load or three

LS loads. The 1793 is identical to the 1791 except the

DAL lines are TRUE for systems that utilize true data

busses.

The 1795/7 has a side select output for controlling

double sided drives, and the 1792 and 1794 are "Single

Density Only" versions of the 1791 and 1793 respec-

tively. On these devices, DDEN must be left open.

ORGANIZATION

The Floppy Disk Formatter block diagram is illustrated

on page 5. The primary sections include the parallel

processor interface and the Floppy Disk interface.

Data Shift Register — This 8-bit register assembles

serial data from the Read Data input (RAW READ)

during Read operations and transfers serial data to the

Write Data output during Write operations.

Data Register — This 8-bit register is used as a

holding register during Disk Read and Write operations.

In Disk Read operations the assembled data byte is

transferred in parallel to the Data Register from the

Data Shift Register. In Disk Write operations in-

formation is transfen-ed in parallel from the Data

Register to the Data Shift Register.

When executing the Seek command the Data Register

holds the address of the desired Track position. This

register is loaded from the DAL and gated onto the

DAL under processor control.

Track Register — This 8-bit register holds the track

number of the cun-ent ReadA/Vrite head position. It is

incremented by one every time the head is stepped in

(towards track 76) and decremented by one when the

head is stepped out (towards track 00). The contents of

the register are compared with the recorded track

number in the ID field during disk Read, Write, and

Verify operations. The Track Register can be loaded

from or transferred to the DAL This Register should

not be loaded when the device is busy.

Sectorfiegister (SR) ^ Ttitsfrbit register+w>kls the address

of the desired sector position. The contents of the register

are compared with the recorded sector numt)er in the ID

field during disk Read or Write operations. The Sector

Register contents can be loaded from or transferred to the

DAL. This register should not be loaded when the device is

busy.

Command Register (CR) — This 8-bit register holds the

command presently being executed. This register should

not be loaded when the device is busy unless the new

command is a force interrupt. The command register can

be loaded from the DAL, but not read onto the DAL

Status Register (STR) — This 8-bit register holds device

Status information. The meaning of the Status bits is a

function of the type of command previously executed. This

register can be read onto the DAL, but not loaded from the

DAL.

CRC Logic — This logic is used to check or to generate the

16-bit Cyclic Redundancy Check (CRC). The polynomial is:

G(x) = x" + X" + X' -I- 1.

The CRC includes all information starting with the address

mark and up to the CRC characters. The CRC register is

preset to ones prior to data being shifted through the

circuit.

Aritlimetic^Logic Unit (ALU) — The ALU is a serial com-

parator, incrementer, and decrementer and is used for

register modification and comparisons with the disk

recorded ID field.

Timing and Control — All computer and Floppy Disk In-

terface controls are generated through this logic. The in-

ternal device timing is generated from an external crystal

clock.

The FD179X has two different modes of operation ac-

cording to the state of DDEN. When DDEN = double

density (MFM) is assumed. When DDEN = 1, single
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FD179X BLOCK DIAGRAM

density (FM) is assumed. 1792 & 1794 are single density

only.

AM Detector— The address marl< detector detects ID, data

and index address marks during read and write operations.

PROCESSOR INTERFACE

The interface to the processor is accomplished through the

eight Data Access Lines (DAL) and associated control

signals. The DAL are used to transfer Data, Status, and

Control words out of, or into the FD179X. The DAL are three

state buffers that are enabled as output drivers when Chip

Select (CS) and Read Enable (R^_are active (low logic state)

or act as input receivers when CS and Write Enable (WE)

are active.

When transfer of data with the Floppy Dish; Controller is

required by the host processor, the device address is

decoded and CS is made low. The address bits A1 and AO,

combined with the signals RE during a Read operation or

WE during a Write operation are interpreted as selecting

the following registers:

A1 - AO READ (RE) WRITE (WE)

Status Register

1 Track Register

1 Sector Register

1 1 Data Register

Command Register

Track Register

Sector Register

Data Register

During Direct Memory Access (DMA) types of data

transfers between the Data Register of the FD179X and the

processor, the Data Request (DRQ) output is used in Data

Transfer control. This signal also appears as status bit 1

during Read and Write operations.

On Disk Read operations the Data Request is activated (set

high) when an assembled serial input byte is transferred in

parallel to the Data Register. This bit is cleared when the

Data Register is read by the processor. If the Data Register

is read after one or more characters are lost, by having new
data transferred into the register prior to processor readout,

the Lost Data bit is set in the Status Register. The Read
operation continues until the end of sector is reached.

On Disk Write operations the data Request is activated

when the Data Register transfers its contents to the Data
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Shift Register, and requires a new data byte. It is reset

wiien the Data Register is loaded with new data by the

processor. If new data is not loaded at the time the next

serial byte is required by the Floppy Disk, a byte of zeroes

is written on the diskette and the Lost Data bit is set in the

Status Register.

At the completion of every command an INTRQ is

generated. INTRQ is reset by either reading the status

register or by loading the command register with a new

command. In addition, INTRQ is generated if a Force

Interrupt command condition is met.

The 179X has two modes of operation according to the

state of DDEN (Pin 37). When DDEN = 1, single density is

selected. In either case, the CLK input (Pin 24) is at 2 MHz.

However, when interfacing with the mini-floppy, the CLK
input is set at 1 MHz for both single density and double

density.

GENERAL DISK READ OPERATIONS
Sector lengths of 128, 256, 512 or 1024 are obtainable in

either FM or MFM fomnats. For FM, DDEN should be

placed to logical "1." For MFM formats, DDEN should be

placed to a logical "0." Sector lengths are detemnined at

format time by the fourth byte in the "ID" field.

a) Both HLT and HLD are True

b) Settling Time, if programmed, has expired

c) The 179X is inspecting data off the disk

Sector Length Table*

Sectortengt+»

Field (hex)

Number of-Bytes

in Sector (decimal)

00

01

02

03

128

256

512

1024

* 1795/97 may vary — see command summary.

The number of sectors per track as far as the FD179X is

concerned can be from 1 to 255 sectors. The numtjer of

tracks as far as the FD179X is concerned is from to 255

tracks. For IBM 3740 compatibility, sector lengths are 128

bytes with 26 sectors per track. For System 34 com-

patibility (MFM), sector lengths are 256 bytes/sector with 26

sectors/track; or lengths of 1024 bytes/sector with 8

sectors/track. (See Sector Length Table)

For read operations in 8" double density the FD179X

requires RAW READ Data (Pin 27) signal which is a 200 ns

pulse per flux transition and a Read clock (RCLK) signal to

indicate flux transition spacings. The RCLK (Pin 26) signal

is provided by some drives but if not it may be derived

externally by Phase lock loops, one shots, or counter

techniques. In addition, a Read Gate Signal is provided as

an output (Pin 25) on 1791/92/93/94 which can be used to

inform phase lock loops when to acquire synchronization.

When reading from the media in FM. RG is made true when

2 bytes of zeroes are detected. The pofygx must find an

address mark within the next 10 bytes; othenwise RG is

reset and the search for 2 bytes of zeroes begins all over

again. If an address mark is found within 10 bytes, RG
remains true as long as the FD179X is deriving any useful

infomnation from the data stream. Similarly for MFM, RG is

made active when 4 bytes of "00" or "FF" are detected. The

FD179X must find an address mark within the next 16

hvtes, otherwise RG Is reset and search resumes.

During read operations (WG = 0), the VFOE (Pin 33) is

provided for phase lock loop synchronization. VFOE will go

active low when:

If WF/VFOE is not used, leave open or tie to a 10K resistor

to -1-5.

GENERAL DISK WRITE OPERATION
When writing is to take place on the diskette the Write Gate

(WG) output is activated, allowing cun-ent to flow into the

Read/Write head. As a precaution to erroneous writing the

first data byte must be loaded into the Data Register in

response to a Data Request from the FD179X before the

Write Gate signal can be activated.

Writing is inhibited when the Write Protect input is a logic

low, in which case any Write command is immediately

terminated, an interrupt is generated and the Write Protect

status bit is set. The Write Fault input, when activated,

signifies a writing fault condition detected in disk drive

electronics such as failure to detect write current flow

when the Write Gate is activated. On detection of this fault

the FD179X terminates the current command, and sets the

Write Fault bit (bit 5) in the Status Word. The Write Fault

input should be made inactive when the Write Gate output

tjecomes inactive.

For write operations, the FD179X provides Write Gate (Pin

30) and Write Data (Pin 31) outputs. Write data consists of a

series of 500 ns pulses in FM (DDEN = i) and 200 ns

pulses in MFM (DDEN = 0). Write Data provides the unique

address marks in both formats.

Also during write, two additional signals are provided for

write precompensation. These are EARLY (Pin 17) and

LATE (Pin 18). EARLY is active true when the WD pulse

appearing on (Pin 30) is to be written EARLY. LATE is active

true when the WD pulse is to be written LATE. If both

EARLY and LATE are low when the WD pulse is present,

the WD pulse is to be written at nominal. Since write

precompensation values vary from disk manufacturer to

disk manufacturer, the actual value is determined by

several one shots or delay lines which are located external

to the FD179X. The write precompensation signals EARLY

and LATE are valid for the duration of WD in tx)th FM and

MFM fomnats.

READY
Whenever a Read or Write command (Type II or III) is

received the FD179X samples the Ready input. If this input

is logic low the command is not executed and an inten-upt

is generated. All Type I commands are performed re-

gardless of the state of the Ready input. Also, whenever a

Type II or 111 command is received, the TG43 signal output

is updated.

QOMMAND DESCRIPTION

The FD179X will accept eleven commands. Command
words should only be loaded in the Command Register

when the Busy status bit is off (Status bit 0). The one

exception is the Force Interrupt command. Whenever a

command is being executed, the Busy status bit is set.

When a command is completed, an inten-upt is generated

and the Busy status bit is reset. The Status Register

indicates whether the completed command encountered

an en-or or was fault free. For ease of discussion,

commands are divided into four types. Commands and

types are summarized in Table 1

.
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TABLE 1. COMMAND SUMMARY
A. Commands for Models: 1791, 1792, 1793, 1794 B. Commands for Models: 1795, 1797

Bits Bits

Type Command 7 6 5 4 3 2 1 7 6 5 4 3 2 1

1 Restore h V ri ro h V ri ro

1 Seek 1 ii V ri ro 1 h V r-i ro

1 Step 1 T h V ri ro 1 T h V ri ro

1 Step-in 1 T h V n ro 1 T h V ri ro

1 Step-out 1 1 T h V n ro 1 1 T h V ri ro

II Read Sector 10 0m S E C 1 m L E U
II Write Sector 10 1m S E C ao 1 1 m L E U ao
III Read Address 110 E 1 1 E U
III Read Track 1110 E 1 1 1 E U
III Write Track 1111 E 1 1 1 1 E U
IV Force Internjpt 110 1 l3 l2 l1 lO 1 1 1 I3 '2 '1 lO

FLAG SUMMARY TABLE 2. FLAG SUMMARY

Command
Type

Bit

No{s) Description

II & III

II & I

0,1

4

0-3

ri ro = Stepping Motor Rate

See Table 3 for Rate Summary

V = Track Number Verify Flag

h = Head Load Flag

T = Track Update Flag

ao = Data Address Mark

C = Side Compare Flag

U = Update SSO

E = 15 MS Delay

S = Side Compare Flag

L = Sector Length Flag

m = Multiple Record Flag m = 0, Single record

m = 1, Multiple records

'x = Interrupt Condition Flags

'0 = 1 Not Ready To Ready Transition

h = 1 Ready To Not Ready Transition

'2 = 1 1ndex Pulse
I3 = 1 1mmediate Interrupt, Requires A Reset
l3-l0 = Terminate Witli No Interrupt (INTRQ)

V = 0, No verify

V = 1, Verify on destination track

h =1, Load head at beginning

h = 0, Unload head at beginning

T = 0, No update

T =1, Update track register

ao= 0, FB(DAM)
ao= 1,F8 (deleted DAM)

C = 0, Disable side compare
C = 1, Enable side compare

U = 0, Update SSO too

U = 1, Update SSO to 1

E = 0, No 15 MS delay

E = 1,15 MS delay

S = 0, Compare for side

S = 1 , Compare for side 1

LSB's Sector Length in ID Field

00 01 10 11

L =0 256 512 1024 128

L = 1 128 256 512 1024

'NOTE: See Type IV Command Description for further information.
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TYPE I COMMANDS

The Type I Commands include the Restore, Seek, Step,

Step-in, and Step-Out commands. Each of the Type I

Commands contains a rate field (f^O M), which detemiines

the stepping motor rate as defined in Table 3.

A 2 MS (MFM) or 4 ^s (FM) pulse is provided as an output to

the drive. For every step pulse issued, the drive moves one

track location in a direction determined by the direction

output. The chip will step the drive in the same direction it

last stepped unless the command changes the direction.

The Direction signal is active high when stepping in and

low when stepping out. The Direction signal is valid 12 ^s

before the first stepping pulse is generated.

The rates (shown in Table 3) can be applied to a Step-

Direction Motor through the device interface.

TABLE 3. STEPPING RATES

CLK 2 MHz 2 MHz 1 MHz 1 MHz 2 MHz 1 MHz

DDEN 1 1 X X

R1 RO TEST=1 TEST=1 TEST=1 TEST=1 TEST=0 TEST=0

3 ms 3 ms 6 ms 6 ms 184^3 368fis

1 6 ms 6 ms 12 ms 12 ms 190ns 380ms

1 10 ffls 10 ms 20 ms 20 ms 198ms 396mS

1 1 15 ms 15 ms 30 ms 30 ms 208/iS 416ms

After the last directional step an additional 15 milliseconds

of head settling time takes place if the Verify flag is set in

Type I commands. Note that this time doubles to 30 ms for

a 1 MHz clock. If TEST = 0, there is zero settling time.

There is also a 15 ms head settling time if the E flag is set in

any Type II or III command.

When a Seek, Step or Restore command is executed an

optional verification of Read-Write head position can be

perfomned by settling bit 2 (V = 1) in the command word to

a logic 1. The verification operation begins at the end of the

15 millisecond settling time after the head is loaded against

the media. The track numt»er from the first encountered ID

Field is compared against the contents of the Track

Register. If the track numbers compare and the ID Field

Cyclic Redundancy Check (CRC) is correct, the verify

operation is complete and an INTRQ is generated with no

errors. If there is a match but not a valid CRC, the CRC error

status bit is set (Status bit 3), and the next encountered ID

field is read from the disk for the verification operation.

The FD179X must find an ID field with correct track number

and correct CRC within 5 revolutions of the media;

othenwise the seek error is set and an INTRQ is generated.

If V = 0, no verification is performed.

The Head Load (HLD) output controls the movement of the

read/write head against the media. HLD is activated at the

beginning of a Type I command if the h flag is set (h = 1), at

the end of the Type I command if the verify flag (V = 1), or

upon receipt of any Type II or III command. Once HLD is

active it remains active until either a Type i command is

received with (h = and V = 0); or if the FD179X is in an

idle state (non-busy) and 15 index pulses have occurred.

Head Load timing (HLT) is an input to the FD179X which is

used for the head engage time. When HLT = 1 ,
the FD179X

assumes the head is completely engaged. The head

engage time is typically 30 to 100 ms depending on drive.

The low to high transition on HLD is typically used to fire a

one shot. The output of the one shot is then used for HLT

and supplied as an input to the FD179X.

HLD j-

-50 TO 100mS-

HLT (FROM ONE SHOT)

HEAD LOAD TIMING

When both HLD and HLT are tnje, the FD179X will then

read from or write to the media. The "and" of HLD and HLT

appears as status Bit 5 in Type I status.

In summary for the Type I commands: if h = and V = 0,

HLD is reset If h = 1 and V = 0, HLD is set at the

beginning of the command and HLT is not sampled nor is

there an internal 15 ms delay. If h = and V = 1, HLD is

set near the end of the command, an internal 15 ms occurs,

and the FD179X waits for HLT to be tme. If h = 1 and V =

1, HLD is set at the beginning of the command. Near the

end of the command, after all the steps have been issued,

an internal 15 ms delay occurs and the FD179X then waits

for HLT to occur.

For Type II and III commands with E flag off, HLD is made

active and HLT is sampled until true. With E flag on, HLD is

made active, an internal 15 ms delay occurs and then HLT

is sampled until true.

RESTORE (SEEK TRACK 0)

Upon receipt of th is command the Track 00 (TROO) input is

sampled. If TROO is active low indicating the Read-Write

head is positioned over track 0, the Track Register is loaded

with zeroes and an interrupt is generated. If TROO is not

active low, stepping pulses (pins 15 to 16) at a rate specified

by the H ""O field are issued until the TROO input is activated.

At this time the Track Register is loaded with zeroes and an

interrupt is generated. If the TROO input does not go active

low after 255 stepping pulses, the FD179X terminates

operation, interrupts, and sets the Seek error status bit,

providing the V flag is set. A verification operation also

takes place if the V flag is set. The h bit allows the head to

be loaded at the start of command. Note that the Restore

command is executed when MR goes from an active to an

inactive state and that the DRQ pin stays low.

SEEK

This command assumes that the Track Register contains

the track number of the current position of the Read-Write

head and the Data Register contains the desired track

number. The FD179X will update the Track register and

issue stepping pulses in the appropriate direction until the

contents of the Track register are equal to the contents of
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DIRECTION

1'ES /^COMMAND

NO .-. RESTORE

6 6
TYPE I COMMAND FLOW

the Data Register (the desired track location). A verification

operation tal<es place if the V flag is on. The h bit allows the

head to be loaded at the start of the command. An interrupt

is generated at the completion of the command. Note:

When using multiple drives, the track register must be
updated for the drive selected before seeks are issued.

STEP

Upon receipt of this command, the FD179X issues one
stepping pulse to the disk drive. The stepping motor
direction is the same as in the previous step command.
After a delay determined by the n^o field, a verification

takes place if the V flag is on. If the U flag is on, the Track

Register is updated. The h bit allows the head to be loaded

at the start of the command. An interrupt is generated at

the completion of the command.

STEP-IN

Upon receipt of this command, the FD179X issues one
stepping pulse in the direction towards track 76. If the U

RESET DIRECTION SET DIRECTION

1 TO TR

n

—

X
o
IS)

TYPE I COMMAND FLOW

flag is on, the Track Register is incremented by one. After a

delay determined by the ^''O field, a verification takes place

if the V flag is on. The h bit allows the head to be loaded at

the start of the command. An interrupt is generated at the

completion of the command.

STEP-OUT

Upon receipt of this command, the FD179X issues one
stepping pulse in the direction towards track 0. If the U flag

is on, the Track Register is decremented by one. After a

delay determined by the nro field, a verification takes place

if the V flag is on. The h bit allows the head to t>e loaded at

the start of the command. An interrupt is generated at the

completion of the command.

EXCEPTIONS

On the 1795/7 devices, the SSO output is not affected

during Type 1 commands, and an internal side compare
does not take place when the (V) Verify Flag is on.
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TYPE II COMMANDS

The Type II Commands are the Read Sector and Write

Sector commands. Prior to loading the Type II Command
into the Command Register, the computer must load the

Sector Register with the desired sector number. Upon

receipt of the Type II command, the busy status Bit is set. If

the E flag = 1 (this is the normal case) HLD is made active

and HLT is sampled after a 15 msec delay. If the E flag is 0,

the head is loaded and HLT sampled with no 15 msec

delay. The ID field and Data Field format are shown on page

13.

When an ID field is located on the disk, the FD179X

compares the Track Number on the ID field with the Track

Register. If there is not a match, the next encountered ID

field is read and a comparison is again made. If there was a

match, the Sector Number of the iD field is compared with

the Sector Register. If there is not a Sector match, the next

encountered ID field is read off the disk and comparisons

again made. If the ID field CRC is correct, the data field is

then located and will be either written into, or read from

depending upon the command. The FD179X must find an

ID field with a Track number, Sector number, side number,

and CRC within four revolutions of the disk; othenwise, the

Record not found status bit is set (Status bit 3) and the

command is terminated with an interrupt.

SET BUSY, RESET DRQ, LOST
DATA, RECORD NOT FOUND, &
STATUS BITS 5 S 6 INTRO

G

TYPE II COMMAND
Each of the Type II Commands contains an (m) flag which

determines if multiple records (sectors) are to be read or

written, depending upon the command. If m = 0, a single

sector is read or VifTitten anu an interrupt is Qeneraieu at uS
completion of the command. If m = 1, multiple records are

read or written with the sector register internally updated

so that an address verification can occur on the next
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record. The FD179X will continue to read or write multiple

records and update the sector register in numerical

ascending sequence until the sector register exceeds the

number of sectors on the track or until the Force Interrupt

command is loaded into the Command Register, which
terminates the command and generates an inten-upt.

For example: If the FD179X is instructed to read sector 27
and there are only 26 on the track, the sector register ex-

ceeds the number available. The FD179X will search for 5
disk revolutions, interrupt out, reset busy, and set the

record not found status bit.

The Type II commands for 1791-94 also contain side select

compare flags. When C = (Bit 1) no side comparison is

made. When C = 1, the LSB of the side number is read off

the ID Field of the disk and compared with the contents of

the (S) flag (Bit 3). If the S flag compares with the side

number recorded in the ID field, the FD179X continues with

the ID search. If a comparison is not made within 5 index

pulses, the interrupt line is made active and the Record-

Not-Found status bit is set.

JND/

BRING IN SECTOR LENGTH FIELD
STORE LENGTH IN INTERNAL

REGISTER

The Type II and III commands for the 1795-97 contain aside
select flag (Bit 1). When U = 0, SSO is updated to 0.

Similarly, U = 1 updates SSO to 1. The chip compares the

SSO to the ID field. If they do not compare within 5
revolutions the internjpt line is made active and the RNF
status bit is set.

The 1795/7 READ SECTOR and WRITE SECTOR com-
mands include a 'U flag. The 'U flag, in conjunction with

the sector length byte of the ID Field, allows different byte
lengths to be implemented in each sector. For IBM
compatability, the 'L' flag should be set to a one.

READ SECTOR

Upon receipt of the Read Sector command, the head is

loaded, the Busy status bit set, and when an ID field is

encountered that has the correct track number, correct

sector number, correct side number, and correct CRC, the

data field is presented to the computer. The Data Address

X
o

READ SECTOR
SEQUENCE

DR BEEN\^
V '-°

SET DATA
LOSTCOMPUTER

/

IJES

(INTRO. RESET BUSY A
SET CRC ERROR J

SECTCri HEG

I <
J ( INTRO RESET BUSY

]

TYPE II COMMAND TYPE II COMMAND
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WRITE SECTOR
SEQUENCE

DELAY 2 BYTES OF GAP

(INTRO RESET BUSY^
SET LOST DATA J

DELAY 1 BYTE OF GAP

WRITE DATA AM
ACCORDING TO AO FIELD

OF WRITE COMMAND

DR TO DSH SET DRO

WRITE BYTE TO DISK

SET DATA
LOST

WRITE BYTE
OF ZEROS

a

WRITE 1 BYTE OF F

TURN Of F WG

TYPE II COMMAND
Mark of the data field must be found within 30 bytes in

single density and 43 bytes in double density of the last ID

field CRC byte; if not, the ID field is searched for and

verified again followed by the Data Address Mark search. If

after 5 revolutions the DAM cannot be found, the Record

Not Found status bit is set and the operation is ternninated.

When the first character or byte of the data field has been

shifted through the DSR, it is transferred to the DR, and

DRQ Is generated. When the next tiyte is accumulated in

the DSR, it is transferred to the DR and another DRQ is

generated. If the Computer has not read the previous

contents of the DR before a new character is transferred

that character is lost and the Lost Data Status bit is set.

This sequence continues until the complete data field has

been inputted to the computer. If there is a CRC error at the

end of the data field, the CRC error status bit is set, and the

command is terminated (even if it is a multiple record

command).

At the end of the Read operation, the type of Data Address

Mark encountered in the data field is recorded in the Status

Register (Bit 5) as shown:

STATUS
BITS

1 Deleted Data Mark

Data Mark

WRITE SECTOR

Upon receipt of the Write Sector command, the head is

loaded (HLD active) and the Busy status bit is set. When an

ID field is encountered that has the correct track number,

correct sector number, correct side number, and correct

CRC, a DRQ is generated. The FD179X counts off 11 bytes

in single density and 22 bytes in double density from the

CRC field and the Write Gate (WG) output is made active if

the DRQ is serviced (i.e., the DR has been loaded by the

computet). If DRQ has not been serviced, the command is

terminated and the Lost Data status bit is set. If the DRQ
has been serviced, the WG is made active and six bytes of

zeroes in single density and 12 bytes in double density are

then written on the disk. At this time the Data Address

Mark is then written on the disk as determined by the ao

field of the command as shown below:

ao Data Address Mari< (Bit 0)

Deleted Data Mari<

Data Mark

The FD179X then writes the data field and generates DRQ's

to the computer. If the DRQ is not serviced in time for

continuous writing the Lost Data Status Bit is set and a

byte of zeroes is written on the disk. The command is not

ternninated. After the last data byte has been written on the

disk, the two-byte CRC is computed internally and written

on the disk followed by one byte of logic ones in FM or in

MFM. The WG output is then deactivated. For a 2 MHz
clock the INTRQ will set 8 to 12 ^sec after the last CRC byte

is written. For partial sector writing, the proper method is to

write the data and fill the balance with zeroes. By letting the

chip fill the zeroes, errors may be masked by the lost data

status and improper CRC Bytes.

TYPE III COMMANDS

READ ADDRESS

Upon receipt of the Read Address command, the head

is loaded and the Busy Status Bit is set. The next

encountered ID field is then read in from the disk, and

the six data bytes of the ID field are assembled and

transferred to the DR, and a DRQ is generated for each

byte. The six bytes of the ID field are shown below:

TRACK
ADDR

SIDE

NUMBER
SECTOR
ADDRESS

SECTOR
LENGTH

CRC
1

CRC
2

1 2 3 4 5 6

Although the CRC characters are transferred to the

computer, the FD179X checks for validity and the CRC
error status bit is set if there is a CRC error. The Track

Address of the ID field is written into the sector

register so that a comparison can be made by the

user. At the end of the operation an interrupt is

generated and the Busy Status is reset.
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READ TRACK

Upon receipt of the READ track command, the head is

loaded, and the Busy Status bit is set. Reading starts with

the leading edge of the first encountered index pulse and

continues until the next index pulse. All Gap, Header, and

data bytes are assembled and transferred to the data

register and DRQ's are generated for each byte. The ac-

cumulation of bytes is synchronized to each address marl<

encountered. An interrupt is generated at the completion of

the command.

This command has several characteristics which make it

suitable for diagnostic purposes. They are: the Read Gate

is not activated during the command; no CRC checking is

performed; gap information is included in the data stream;

the internal side compare is not perfomned; and the ad-

dress mark detector is on for the duration of the command.
Because the A.M. detector is always on, write splices or

noise may cause the chip to look for an A.IV1. If an address

mark does not appear on schedule the Lost Data status flag

is set.

The ID A.M., ID field, ID CRC bytes, DAM, Data, and Data

CRC Bytes for each sector will be correct. The Gap Bytes

may be read incorrectly during write-splice time tjecause of

synchronization.

n
o
•M
(OX
o
lo

(INTRQ A
HESET BUSY J

/^HAS
NO ^ 15 M

/^,s

TG43 UPDATE

G

SET INTRQ
LOST DATA
HESET BUSY

(:Tno RESET BUSY

^^ DOES \v YES

YES

YES^

WRITE 2 CRC
CHARS. CLK = FF\. °^'',- " y^

j[no

y^ DOES \.. WRITE FC
CLK = D7

J
NO

y'^ DOES ^\ WRITE FD, FE OH
F8-FB, CLK = C7
INITIALIZE CRCN. OHFe-FD J^

j'no

WRITE DSR
CLK = FF

>. i

WRITE AT IN MFM
WITH MISSING CLOCK
INITIALIZE CRC

y^ DOES \. YES WRITE 2 CRC
CHARS

JNO

WHITE DSR

TYPE ill COMMAND WRITE TRACK TYPE III COMMAND WRITE TRACK
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CONTROL BYTES FOR INITIALIZATION
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DATA PATTERN
IN DR (HEX)

00 thru F4
F5
F6
F7
F8 thru FB
FC
FD
FE
FF

FD179X INTERPRETATION
IN FM (DDEN = 1)

Write 00 thru F4 with CLK = FF
Not Allowed
Not Allowed
Generate 2 CRC bytes

Write F8 thru FB, Clk = C7, Preset CRC
Write FC with Clk = D7
Write FD with Clk = FF
Write FE, Clk = C7, Preset CRC
Write FF with Clk = FF

FD 1791/3 INTERPRETATION
IN MFM (DOER = 0)

Write 00 thru F4, in MFM
Write A1* in MFM, Preset CRC
Write C2** in MFM
Generate 2 CRC bytes

Write F8 thru FB, in MFM
Write FC in MFM
Write FD in MFM
Write FE in MFM
Write FF in MFM

* Missing clock transition between bits 4 and 5 "Missing clock transition between bits 3 & 4

WRITE TRACK FORMATTING THE DISK

(Refer to section on Type III commands for flow diagrams.)

Formatting the disk is a relatively simple task when

operating programmed I/O or when operating under DMA
with a large amount of memory. Data and gap information

must be provided at the computer interface. Fomnatting the

disk is accomplished by positioning the R/W head over the

desired track number and issuing the Write Track com-

mand.

Upon receipt of the Write Track command, the head is

loaded and the Busy Status bit is set. Writing starts with

the leading edge of the first encountered index pulse and

continues until the next index pulse, at which time the

intemjpt is activated. The Data Request is activated im-

mediately upon receiving the command, but writing will not

start until after the first byte has been loaded into the Data

Register. If the DR has not been loaded by the time the

index pulse is encountered the operation is terminated

making the device Not Busy, the Lost Data Status Bit is set,

and the Intemjpt is activated. If a byte is not present in the

DR when needed, a byte of zeroes is substituted.

This sequence continues from one index mark to the next

index mark. Normally, whatever data pattern appears in the

data register is written on the disk with a normal clock

pattern. However, if the FD179X detects a data pattern of

F5 thru FE in the data register, this is interpreted as data

address marks with missing clocks or CRC generation.

The CRC generator is initialized when any data byte from

F8 to FE is about to be transferred from the DR to the DSR
in FM or by receipt of F5 in MFM. An F7 pattem will

generate two CRC characters in FM or MFM. As a con-

sequence, the patterns F5 thru FE must not appear in the

gaps, data fields, or ID fields. Also, CRC's must be

generated by an F7 pattern.

Disks may be formatted in IBM 3740 or System 34 formats

with sector lengths of 128, 256, 512, or 1024 bytes.

TYPE IV COMMANDS

The Forced Interrupt command is generally used to ter-

minate a multiple sector read or write command or to in-

sure Type I status in the status register. This command can

be loaded into the command register at any time. If there is

a current command under execution (busy status bit set)

the command will be terminated and the busy status bit

reset.

The lower four bits of the command determine the con-

ditional interrupt as follows:

Iq = Not-Ready to Ready Transition

tl = Ready to Not-ReadyTransition

'2 = Every Index Pulse

•3 = Immediate Interrupt

The conditional inten-upt is enabled when the cor-

responding bit positions of the command ('3 - 'O) are set to

a 1. Then, when the condition for interrupt is met, the IN-

TRO line will go high signifying that the condition specified

has occurred. If '3 - 'O are all set to zero (HEX DO), no in-

temjpt will occur but any command presently under

execution will be immediately terminated. When using the

immediate interrupt condition ('3 = 1) an interrupt will t>e

immediately generated and the current command ter-

minated. Reading the status or writing to the command
register will not automatically clear the intenxipt. The HEX
DO is the only command that will enable the immediate

intemjpt (HEX D8) to clear on a subsequent load command
register or read status register operation. Follow a HEX D8

with DO command.

Wait 8 micro sec (double density) or 16 micro sec (single

density before issuing a new command after issuing a

forced interrupt (times double when clock = 1 MHz).

Loading a new command sooner than this will nullify the

forced interrupt.

Forced interrupt stops any command at the end of an in-

ternal micro-instruction and generates INTRO when the

specified condition is met. Forced interrupt will wait until

ALU operations in progress are complete (CRC

calculations, compares, etc.).

More than one condition may be set at a time. If for

example, the READY TO NOT-READY condition (H = 1)

and the Every Index Pulse ('2 = 1) are both set, the

resultant command would be HEX "DA". The "OR" func-

tion is performed so that either a READY TO NOT- READY
or the next Index Pulse will cause an interrupt condition.
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ENTER 1
SET BUSY

RESET STATUS
BITS 2, 4, 5

DELAY 15MS-

INTRQ
RESET BUSY J

READ
ADDRESS

m

READ TRACK
SEQUENCE

INDEX
PULSE

SHIFT ONE BIT

INTO DSR

TRANSFER
DSR TO DR

SET
DRQ

•If TEST= ^, NO DELAY

If TEST=1 and CLK=1 MHZ, 30 MS DELAY

TYPE III COMMAND
Read Track/Address

X
Io

J SET INTRQ \
"^ RESET BUSY J

SET LOST
DATA BIT
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READ ADDRESS
SEQUENCE

RESET BUSY
SET INTRQ
SET RNF )

SHIFT 1 BYTE
INTO DSR

TRANSFER
BYTE TO DR

TRANSFER TRACK
NUMBER TO SECTOR

REGISTOR

SETCRC
ERROR BIT

CSET INTRQ
I

RESET BUSY J
TYPE !!! COMMAND
Read Track/Address

STATUS REGISTER

Upon receipt of any command, except the Force Interrupt

command, the Busy Status bit is set and the rest of the

status bits are updated or cleared for the new command. If

the Force inten-upt Command is received when there is a

current command under execution, the Busy status bit is

reset, and the rest of the status bits are unchanged. If the

Force Intenojpt command is received when there is not a

cun-ent command under execution, the Busy Status bit is

reset and the rest of the status bits are updated or cleared.

In this case. Status reflects the Type I commands.

The user has the option of reading the status register

through program control or using the DRQ line with DMA or

inten-upt methods. When the Data register is read the DRQ

bit in the status register and the DRQ line are automatically

reset. A write to the Data register also causes both DRQ's

to reset.

The busy bit in the status may be monitored with a user

program to detemnine when a command is complete, in

lieu of using the INTRQ line. When using the INTRQ, a busy

status check is not recommended because a read of the

status register to detemnine the condition of busy will reset

the INTRQ line.

The fomiat of the Status Register is shown below.

(BITS) 1

7 6 5 4 3 2 1

S7 S6 S5 S4 S3 S2 S1 SO

status varies according to the type of command executed

as shown in Table 4.

Because of internal sync cycles, certain time delays must

be observed when operating under programmed I/O. They

are: (times double when clock = 1 MHz)

Operation Next Operation

Delay Req'd.

FM
\

MFM

Write to

Command Reg.

Read Busy Bit

(Status Bit 0)

12^3 1 BfiS

Write to

Command Reg.

Read Status

Bits 1-7

28ns 1 14fiS

Write Any
Register

Read From Diff.

Register

1

i

IBM 3740 FORMAT — 128 BYTES/SECTOR

Shown below is the IBM single-density format with 128

bytes/sector. In order to format a diskette, the user must

issue the Write Track command, and load the data register

with the following values. For every byte to be written, there

is one Data Request.
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IBM 3740 FORMAT - 128 BYTES/SECTOR

Shown below is the IBM single-density format with 128

bytes/sector. In order to format a diskette, the user must

issue the Write Track command, and load the data register

with the following values. For every byte to be written, there

is one Data Request.

IBM SYSTEM 34 FORMAT- 256 BYTES/SECTOR

Shown below is the IBM dual-density format with 256

bytes/sector. In order to format a diskette the user must

issue the Write Track command and load the data register

with the following values. For every byte to be written, there

is one data request.

NUMBER HEX VALUE OF
OF BYTES BYTE WRITTEN

40 FF(orOOr

6 00

1 FC (Index Mark)

26 FF(orOOr

006

1 FE (ID Address Mark)

1 Track Number

1 Side Number (00 or 01)

1 Sector Number (1 thru 1A)

1 00 (Sector Length)

1 F7 (2 CRC's written)

11 FF(orOO)^

6 00

1 FB (Data Address Mark)

128 Data (IBM usesES)

1 F7 (2 CRC's written)

27 FF(orOO)^

FF(orOO)'247"

*Write bracketed field 26 times

"Continue writing until FD179X interrupts out.

Approx. 247 bytes.

1 -Optional '00' on 1795/7 only.

NUMBER HEX VALUE OF
OF BYTES BYTE WRITTEN

80 4E
12 00

3 F6 (Writes C2)

1 FC (Index Mark)

* 50 4E
0012

3 F5 (Writes A1)

1 FE (ID Address Mark) "

1 Track Number (0 thru 4C)

1 Side Number (0 or 1)

1 Sector Number (1 thru 1A)

1 01 (Sector Length)

1 F7 (2 CRCs written)

22 4E

12 00

3 F5 (Writes A1)

1 FB (Data Address Mark)

256 DATA
1 F7 (2 CRCs written)

54 4E
4E598**

X
o
lO

*Write bracketed field 26 times

**Continue writing until FD179X interrupts out.

Approx. 598 bytes.

PHVSIC.l. INMX 1

-^

--"""H OS..»-ESS«..,K

1 1

£ik i£ SE 'B "~^"° i'Es ~ "^T "- "if -' ^if "- ^-4 "SSV
=.,. °i°F -

y ^^^^^ /^^"^"^^ \
«£- ;^£S, .;.A- sss s %. =5S. ^^l,

°s°
— '-' »'-

'§B§§^u. ^--^ v^-—-^
1

1

1

1

1
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J

,.-BVTES 3 ,ByT6 y '

IBM TRACK FORMAT
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1. NON-IBM FORMATS

Variations in ttie IBM formats are possible to a limited

extent if the following requirements are met:

1) Sector size must be 128, 256, 512 or 1024 bytes.

2) Gap 2 cannot be varied from the IBM format.

3) 3 bytes of A1 must be used in MFM.

In addition, the Index Address Mark is not required for

operation by the FD179X. Gap 1, 3, and 4 lengths can be as

short as 2 bytes for FD179X operation, however PLL lock up

time, motor speed variation, write-splice area, etc. will add

more bytes to each gap to achieve proper operation. It is

recommended that the IBM format be used for highest

system reliability.

FM MFM
Gap! 16 bytes FF 32 bytes 4E

Gap II 11 bytes FF 22 bytes 4E

*

6 bytes 00 12 bytes 00

3 bytes A1

Gap III" 10 bytes FF
4 bytes 00

24 bytes 4E

8 bytes 00

3 bytes A1

Gap IV 16 bytes FF 16 bytes 4E

*Byte counts must be exact.

**Byte counts are minimum, except exactly 3 bytes of A1

must be written.

1 SERVICE (WORST CASE!
FU 27 5uS
•MCM 13 5t.S

OBO RISING EDGE INDICATES THAT THE DATA REGISTER HAS ASSEMBLED
-OATft, -

DRO FALLING EDGE INDICATES THAT THE DATA REGISTER WAS READ
INTRO RISING EDGE OCCURS AT END OF COMMAND
INTRO FALLING EDGE INDICATES THAT THE STATUS REGISTER WAS READ

READ ENABLE TIMING

TIMING CHARACTERISTICS

Ta = 0°C to 70°C, Vdd = + 12V ± .6V, Vss = OV, Vcc =+5V ± .25V

READ ENABLE TIMING (See Note 6, Page 21)

SYMBOL CHARACTERISTIC MIN. TYP. MAX. UNITS CONDITIONS

TSET Setup ADDR & CS to RE 50 nsec
THLD Hold ADDR & CS from RE 10 nsec
TRE RE Pulse Width 400 nsec Cl = 50 pf

TDRR DRQ Reset from RE 400 500 nsec

TIRR INTRQ Reset from RE 500 3000 nsec See Note 5
TDACC Data Access from RE 350 nsec Cl = 50 pf

TDOH Data Hold From RE 50 150 nsec Cl = 50 pf

WRITE ENABLE TIMING (See Note 6, Page 21)

SYMBOL CHARACTERISTIC MIN. TYP. MAX. UNITS CONDITIONS

TSET Setup ADDR & CS to WE 50 ,nsec

THLD Hold ADDR & CS from WE 10 nsec
TWE WE Pulse Width 350 nsec
TDRR DRQ Reset from WE 400 500 nsec
TIRR INTRQ Reset from WE 500 3000 nsec See Note 5
TDS Data Setup to WE 250 nsec

TDH Data Hold from WE 70 nsec
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^
1 K-^ORR

1

L
^""

1

1

...c f

^- 'SERVICE —
'hlD

i .r,,

-0

^ k

^ TyvE ^

« .
.ii

- SET -

DATA
BEV

MUST
ALIO

-^r-}—

I SERVICE (WORST
FM 23 5uS
MFM nSuS

NOTE 1 CS MAY SE PERMANENTLY TIED LOW IF DESIRED
2 WHEN WRITING DATA INTO SECTOR TRACK OR DATA
REGISTER USER CANNOT READ THIS REGISTER UNTIL
AT LEAST 4 y^SEC IN MFM AFTER THE RISING EDGE OF WE

_„^^ WHEN WRITING INTO THE COMMAND REGISTER STATUS
^Abti

IS NOT VALID UNTIL SOME 28 ^. SEC IN FM. 14t.SEC IN MFM
LATER THESE TIMES ARE DOUBLED WHEN CLK 1 MHz

-TIME DOUBLES WHEN CLOCK IMHz

DHQ RISING EDGE: INDICATES THAT THE DATA REGISTER IS EMPTY
DRQ FALLING EDGE' INDICATES THAT THE DATA REGISTER IS LOADED
INTRQ RISING EDGE: INDICATE THE END OF A COMMAND
INTRO FALLING EDGE: INDICATES THAT THE COMMAND REGISTER
IS WRITTEN TO

1

r-
1

\~-

-1 " t='..,^

T6

-—\

NOMINAL

DISKETTE MODE CLK T, T. Tcdden]
8"

8"

5-

5"

MFM
FM
MFM
FM

1

1

2 MHz
2 MHz
1 MHz
1 MHz

1 MS

2 ns

2mS

4 nS

1 mS

2mS

2^8

4 mS

2 ms

4 ms

4 MS

8 MS

COX
o

INPUT DATA TIMING

WRITE ENABLE TIMING

INPUT DATA TIMING:

SYMBOL CHARACTERISTIC MIN. TYP. MAX. UNITS CONDITIONS

Tpw

tbc

To

1X1

TX2

Raw Read Pulse Width 100

1500

1500

40

40

200

2000

2000

nsec

nsec

nsec

nsec

nsec

See Note 1

1800 ns @ 70°C

1800 ns@70°C

See Note 1

See Note 1

Raw Read Cycle Time

RCLK Cycle Time

RCLK hold to Raw Read

Raw Read hold to RCLK

WRITE DATA TIMING: (ALL TIMES DOUBLE WHEN CLK = 1 MHz) (See Notes, Page 21)

SYMBOL CHARACTERISTICS MIN. TYP. MAX. UNITS CONDITIONS

Twp Write Data Pulse Width 500 650 nsec FM
200 350 nsec MFM

Twg Write Gate to Write Data 2

1

/xsec

ixsec

FM
MFM

Tbc Write data cycle Time 2,3, or 4 /usee ±CLK Error

Is Early (Late) to Write Data 125 nsec MFM
Th Early (Late) From

Write Data

125 nsec MFM

Twf Write Gate off from WD 2

1

/xsec

fxsec

FM
MFM

Twdl WD Valid to Clk 100

50

nsec

nsec
CLK=1 MHZ
CLK=2 MHZ

Twd2 WD Valid after CLK 100 nsec CLK=1 MHZ
30 nsec CLK=2 MHZ
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•250NS- A
CLK

(2MHZ)

DDEN =
."1 1_

^//////A V/////A
Twdl M L< Twd2

CLK

(2MHZ)

(DDEN = 0)7\

^ 1

[*-
WD MUST HAVE RISING EDGE IN FIRST SHADED AREA AND TRAILING

EDGE IN SECOND SHADED AREA.

WRITE DATA/CLOCK RELATIONSHIP

WRITE DATA TIMING

MISCELLANEOUS TIMING: (Times Double When Clock = 1 MH^ (See Note 6, Page 21)

SYMBOL CHARACTERISTIC MIN. TYP. MAX. UNITS CONDITIONS

TCDi Clock Duty (low) 230 250 20000 nsec

TCD2 Clock Duty (high) 200 250 20000 nsec

TSTP
TDIR
TMR

Step Pulse Output

Dir Setup to Step

Master Reset Pulse Width

2 or 4

50

12

/usee

^isec

^tsec

See Note 5

± CLK ERROR

TIP

TWF
Index Pulse Width

Write Fault Pulse Width

10

10

jusec

ptsec
See Note 5
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NOTES:
1. Pulse width on RAW READ (Pin 27) is normally

100-300 ns. However, pulse may be any width if

pulse is entirely within window. If pulse occurs in both

windows, then pulse width must be less than 300 ns

for MFM at CLK = 2 MHz and 600 ns for FM at 2

MHz. Times double for 1 MHz.
2. A PPL Data Separator is recommended for 8" MFM.

3. tbc should be 2 /ns, nominal in MFM and 4 /is nominal

in FM. Times double when CLK = 1 MHz.
4. RCLK may be high or low during RAW READ (Polarity

is unimportant).

5. Times double when clock = 1 MHz.

6. Output timing readings are at Vol = 0.8v and Voh =

2.0v.

MISCELLANEOUS TIMING
•FROM STEP RATE TABLE

Table 4. STATUS REGISTER SUMMARY

ALL TYPE 1 READ READ READ WRITE WRITE

BIT COMMANDS ADDRESS SECTOR TRACK SECTOR TRACK

S7 NOT READY NOT READY NOT READY NOT READY NOT READY NOT READY

S6 WRITE
PROTECT

WRITE
PROTECT

WRITE
PROTECT

S5 HEAD LOADED RECORD TYPE WRITE FAULT WRITE FAULT

S4 SEEK ERROR RNF RNF RNF

S3 CRC ERROR CRC ERROR CRC ERROR CRC ERROR

S2 TRACK LOST DATA LOST DATA LOST DATA LOST DATA LOST DATA

S1 INDEX PULSE DRQ DRQ DRQ DRQ DRQ

SO BUSY BUSY BUSY BUSY BUSY BUSY

STATUS FOR TYPE I COMMANDS

BIT NAME

S7 NOT READY

S6 PROTECTED

S5 HEAD LOADED

S4 SEEK ERROR

S3 CRC ERROR

S2 TRACK 00

S1 INDEX

SO BUSY

MEANING

This bit when set indicates the drive is not ready. When reset it indicates that the drive

is ready. This bit is an inverted copy of the Ready input and logically 'ored' with MR.

When set, indicates Write Protect is activated. This bit is an inverted copy of WRPT
input.

When set, it indicates the head is loaded and engaged. This bit is a logical "and" of

HLD and HLT signals.

When set, the desired track was not verified. This bit is reset to when updated.

CRC encountered in ID field.

When set, indicates Read/Write head is positioned to Track 0. This bit is an inverted

copy of the TROO input.

When set, indicates index mark detected from drive. This bit is an inverted copy of the

IP input.

When set command is in progress. When reset no command is in progress.

n
o

X
o
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STATUS FOR TYPE II AND III COMMANDS
BIT NAME MEANING

87 NOT READY This bit when set indicates the drive is not ready. When reset, it indicates that the drive

is ready. This bit is an inverted copy of the Ready input and 'ored' with MR. The Type II

and III Commands will not execute unless the drive is ready.

86 WRITE PROTECT On Read Record: Not Used. On Read Track: Not Used. On any Write: It indicates a

Write Protect. This bit is reset when updated.

85 RECORD TYPE/
WRITE FAULT

On Read Record: It indicates the record-type code from data field address mark.

1 = Deleted Data Mark. = Data Mark. On any Write: It indicates a Write Fault. This bit

is reset when updated.

84 RECORD NOT
FOUND (RNF)

When set, it indicates that the desired track, sector, or side were not found. This bit is

reset when updated.

83 CRC ERROR If 84 is set, an error is found in one or more ID fields; othenwise it indicates error in

data field. This bit is reset when updated.

82 L08T DATA When set, it indicates the computer did not respond to DRQ in one byte time. This bit is

reset to zero when updated.

81 DATA REQUEST This bit is a copy of the DRQ output. When set, it indicates the DR is full on a Read
Operation or the DR is empty on a Write operation. This bit is reset to zero when up-

dated.

80 BUSY When set, command is under execution. When reset, no command is under execution.

ELECTRICAL CHARACTERISUCS

Absolute Maximum Ratings

Vdd with repeat to Vss (ground): +15 to -0.3V

Voltage to any input with respect to Vss = + 15 to - 0.3V

Ice = 60 MA (35 MA nominal)

Idd = 15 MA (10 MA nominal)

Gin & CouT = 15 pF max with all pins grounded except

one under test.

Operating temperature = 0°Cto70°C
Storage temperature = -55°Cto +125°C

OPERATING CHARACTERISTICS (DC)

TA = 0°Cto70''G,VDD = + 12V ± .6V,Vss = OV.Vcx: = + 5V ± .25V

SYMBOL CHARACTERISTIC MIN. MAX. UNITS CONDITIONS

l,L Input Leakage 10 (^ ViN = Vdd"
loL Output Leakage 10 mA VcxjT = Vdd

VlH Input High Voltage 2.6 V

ViL Input Low Voltage 0.8 V
VOH Output High Voltage 2.8 V lo= -lOOjiA

Vol Output Low Voltage 0.45 V lo = 1.6 mA*
Pd Power Dissipation 0.6 w

*1792and1794l0= 1.0 mA
**Leakage conditions are for input pins without internal pull-up resistors. Pins 22, 23, 33, 36, and 37 have pull-up resistors.

See Tech Memo #115 for testing procedures.

See page 481 for ordering information.

Information furnished by Western Digital Corporation is believed to be accurate and reliable. However, no responsibility is assumed by Western Digital

Corporation for its use; nor for any infringements of patents or other rights of third parties which may result from its use. No license is granted by

implication or otherwise under any patent or patent rights of Western Digital Corporation. Western Digital Corporation reserves the right to change

specifications at anytime without notice.
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FD179X Application Notes
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INTRODUCTION

Over the past several years, the Floppy Disk Drive has
become the most popular on-line storage device for

mini and microcomputer systems. Its fast access time,

reliability and low cost-per-bit ratio enables the Floppy

Disk Drive to be the solution in mass storage for mi-

croprocessor systems. The drive interface to the Host

system is standardized, allowing the OEM to substitute

one drive for another with minimum hardware/ software

modifications.

Since Floppy Disk Data is stored and retrieved as a

self-clocking serial data stream, some means of sep-

arating the clock from the data and assembling this

data in parallel form must be accomplished. Data is

stored on individual Tracks of the media, requiring con-

trol of a stepper motor to move the Read/Write head

to a predetermined Track. Byte sychronization must

also be accomplished to insure that the parallel data

is properly assembled. After all the design considera-

tions are met, the final controller can consist of 40 or

more TTL packages.

To alleviate the burden of Floppy Disk Controller de-

sign, Western Digital has developed a Family of LSI

Floppy Disk controller devices. Through its own set of

macro commands, the FD179X Controller Family will

perform all the functions necessary to read and write

data to the drive. Both the 8" standard and bV^" mini-

floppy are supported with single or double density re-

cording techniques. The FD179X is compatible with

the IBM 3740 (FM) data format, or the System 34

(MFM) standards. Provisions for non-standard formats

and variable sector lengths have been included to pro-

vide more storage capability per track. Requiring stan-

dard +5, -1-12 power supplies the FD179X is available

in a standard 40 pin dual-in-line package.

The FD179X Family consists of 6 devices. The

differences between these devices is summarized in

Figure 1 . The 1792 and 1794 are "single density only"

devices, with the Double Density Enable pin (DDEN)

left open by the user. Both True and inverted Data bus

devices are available. Since the 179X can only drive

one TTL Load, a true data bus system may use the

1791 with external inverting buffers to arrive at a true

bus scheme. The 1795 and 1797 are identical to the

1 791 and 1 793, except a side select output has been

added that is controlled through thecommand Register.

SYSTEM DESIGN

The first consideration in Floppy Disk Design is to de-

termine which type of drive to use. The choice ranges

from single-density single sided mini-floppy to the 8"

double-density double-sided drive. Figure 2 illustrates

the various drive and data capacities associated with

each type. Although the 8" double-density drive offers

twice as much storage, a more complex data separator

and the addition of Write Precompensation circuits are

mandatory for reliable data transfers. Whether to go
with 8" double-density or not is dependent upon PC
board space and the additional circuitry needed to ac-

curately recover data with extreme bit shifts. The byte

transfer time defines the nominal time required to

transfer one byte of data from the drive. If the CPU
used cannot service a byte in this time, then a DMA
scheme will probably be required. The 179X also needs

a few microseconds for overhead, which is subtracted

from the transfer time. Figure 3 shows the actual ser-

vice times that the CPU must provide on a byte-by-byte

basis. If these times are not met, bytes of data will be

lost during a read or write operation. For each byte

transferred, the 179X generates a DRQ (Data Re-

quest) signal on Pin 38. A bit is provided in the status

register which is also set upon receipt of a byte from

the Disk. The user has the option of reading the status

register through program control or using the DRQ Line

with DMA or interrupt schemes. When the data register

is read, both the status register DRQ bit and the DRQ
Line are automatically reset. The next full byte will

again set the DRQ and the process continues until the

sector(s) are read. The Write operation works exactly

the same way, except a WRITE to the Data Register

causes a reset of both DRQ's.

RECORDING FORMATS

The FD179X accepts data from the disk in a Fre-

quency-Modulated (FM) or Modified-Frequency-Mod-

ulated (MFM) Format. Shown in Figures 4A and 4B are

both these Formats when writing a Hexidecimal byte

of 'D2'. In the FM mode, the 8 bits of data are broken

up into "bit cells." Each bit cell begins with a clock

pulse and the center of the bit cell defines the data. If

the data bit = 0, no pulse is written; if the data = 1,

a pulse is written in the center of the cell. For the 8"

drive, each clock is written 4 microseconds apart.
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!n the MFM mode, clocks are decoded into the data

stream. The byte is again broken up into bit cells, with

the data bit written in the center of the bit cell if data

= 1. Clocks are only written if both surrounding data

bits are zero. Figure 4B shows that this occurs only

once between Bit cell 4 and 5. Using this encoding

scheme, pulses can occur 2, 3 or 4 microseconds

apart. The bit cell time is now 2 microseconds; twice

as much data can be recorded without increasing the

Frequency rate due to this encoding scheme.

The 1 79X was designed to be compatible with the IBM
3740 (FM) and System 34 (MFM) Formats. Although

most users do not have a need for data exchange with

IBM mainframes, taking advantage of these well stud-

ied formats will insure a high degree of system
performance. The 179X will allow a change in gap
fields and sector lengths to increase usable storage

capacity, but variations away from these standards is

not recommended. Both IBM standards are soft-sector

format. Because of the wide variation in address marks,

the 1 79X can only support soft-sectored media. Hard
sectored diskettes have continued to lose popularity,

mainly due to the unavailability of a standard and the

limitation of sector lengths imposed by the physical

sector holes in the diskette.

PROCESSOR INTERFACE

The Interface of the 179X to the CPU consists of an

8-bit Bi-directional bus, read/write controls and optional

interrupt lines. By selecting the device via the CHIP
SELECT Line, each of the five internal registers can

be accessed.

Shown tjelow are the registers and their addresses:

PIN 3 PIN 6 PINS PIN 4 PIN 2

CS A, Ao RE=^ WE^
STATUS REG COMMAND

1 TRACK REG REG
1 SECTOR REG TRACK REG
1 1 DATA REG SECTOR REG

1 X X H1-Z DATA REG
H1-Z

The Ao, Ai, Lines used for register selections can be

configured at the CPU in a variety of ways. These lines

may actually tie to CPU address lines, in which case

the 179X will be memory-mapped and addressed like

RAM. They may also be used under Program Control

by tying to a port device such as the 8255, 6820, etc.

As a diagnostic tool when checking out the CPU in-

terface, the Track and Sector registers should respond

like "RAM" when the 179X is idle (Busy = INTRO =

0).

Because of internal synchronization cycles, certain

time delays must be introduced when operating under

Programmed I/O. The worst case delays are:

OPERATION NEXT
OPERATION

DELAY REQ'D

WRITE TO
COMMAND REG

READ STATUS
REGISTER

MFM = 14/AS*

FM = 28;as.

WRITE TO
ANY REGISTER

READ FROM A
DIFFERENT REG

NO DELAY

'NOTE: Times Double when CLK = 1 MHz {SVa" drive)

Other CPU interface lines are CLK, MR and DDEN.
The CLK line should be 2MHz (8" drive) or 1MHz (51/4"

drive) with a 50% duty cycle. Accuracy should be ±1%
(crystal source) since all internal timing, including step-

ping rates, are based upon this clock.

The MR or Master Reset Line should be strobed a

minimum of 50 microseconds upon each power-on

condition. This line clears and initializes all internal reg-

isters and issues a restore command (Hex '03') on the

rising edge. A quicker stepping rate can be written to

the command register after a MR, in which case the

remaining steps will occur at the faster programmed
rate. The 179X will issue a maximum of 255 stepping

pulses in an attempt to expect the TROO line to go
active low. This line should be connected to the drive's

TROO sensor.

The DDEN line causes selection of either single den-

sity (DDEN = 1) or double density operation. DDEN
should not be switched during a read or write operation.

Each time a command is issued to the 179X, the Busy
bit is set and the INTRO (Interrupt Request) Line is

reset. The user has the option of checking the busy bit

or use the INTRO Line to denote command comple-

tion. The Busy bit will be reset whenever the 179X is

idle and awaiting a new command. The INTRO Line,

once set, can only be reset by a READ of the status

register or issuing a new command. The MR (Master

Reset) Line does not affect INTRO.
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FLOPPY DISK INTERFACE

The Floppy Disk Interface can be divided into three

sections: Motor Control, Write Signals and Read Sig-

nals. All of these lines are capable of driving one TTL
load and not compatible for direct connection to the

drive. Most drives require an open-collector TTL inter-

face with high current drive capability. This must be

done on all outputs from the 179X. Inputs to the 179X
may be buffered or tied to the Drives outputs, providing

the appropriate resistor termination networks are used.

Undershoot should not exceed -0.3 volts, while integ-

rity of V|H and Vqh levels should be kept within spec.

MOTOR CONTROL
Motor Control is accomplished by the STEP and DIRC
Lines. The STEP Line issues stepping pulses with a

period defined by the rate field in all Type I commands.

The DIRC Line defines the direction of steps (DIRC =

1 STEP IN/DIRC = STEP OUT).

Other Control Lines include thelP or Index Pulse. This

Line is tied to the drives' Index L.E.D. sensor and

makes an active transition for each revolution of the

diskette. The TROO Line is another L.E.D. sensor that

informs the 179X that the stepper motor is at its fur-

thest position, over Track 00. The READY Line can be

used for a number of functions, such as sensing "door

open", Drive motor on, etc. Most drives provide a pro-

grammable READY Signal selected by option jumpers

on the drive. The 1 79X will look at the ready signal prior

to executing READ/WRITE commands. READY is not

inspected during any Type I commands. All Type I

commands will execute regardless of the Logic Level

on this Line.

WRITE SIGNALS

Writing of data is accomplished by the use of the WD,
WG, WF, TG43, EARLY and LATE Lines. The WG or

Write Gate Line is used to enable write current at the

drive's R/W head. It is made active prior to writing data

on the disk. The WF or WRITE FAULT Line is used to

inform the 179X of a failure in drive electronics. This

signal is multiplexed with the VFOE Line and must be

logically separated if required. Figure 5 illustrates three

methods of demultiplexing.

The TG43 or "TRACK GREATER than 43" Line is

used to decrease the Write current on the inner tracks,

where bit densities are the highest, tf not required on

the drive, TG43 may be left open.

WRITE PRECOMPENSATION

The 179X provides three signals for double density

Write Precompensation use. These signals are WRITE
DATA, EARLY and LATE. When using single density

drives (eighter 8" or SVa"), Write Precompensation is

not necessary and the WRITE DATA line is generally

TTL Buffered and sent directly to the drive. In this

mode, EARLY and LATE are left open.

For double density use. Write Precompensation is a

function of the drive. Some manufacturers recommend
Precompensating the 5Va" drive, while others do not.

With the 8" drive, Precompensation may be specified

from TRACK 43 on, or in most cases, all TRACKS. If _
the recommended Precompensation is not specified, q
check with the manufacturer for the proper configura- -^

tion required. J^
The amount of Precompensation time also varies. A X
typical value will usually be specified from 100-300ns.

Regardless of the parameters used. Write Precom-

pensation must be done external to the 179X. When
DDEN is tied low, EARLY or LATE will be activated at

least 125ns. before and after the Write Data pulse. An
Algorithm internal the 179X decides whether to raise

EARLY or LATE, depending upon the previous bit pat-

tern sent. As an example, suppose the recommended
Precomp value has been specified at 1 50ns. The fol-

lowing action should be taken:

EARLY LATE ACTION TAKEN

delay WD by 150ns (nominal)

1 delay WD by 300ns (2X value)

1 do not delay WD

There are two methods of performing Write

Precompensation:

1) External Delay elements

2) Digitally

Shown in Figure 6 is a Precomp circuit using the West-

ern Digital 2143 clock generator as the delay element.

The WD pulse from the 179X creates a strobe to the

2143, causing subsequent output pulses on \he^^,-^2

and jOS signals. The 5K Precomp adjust sets the de-

sired Precomp value. Depending upon the condition of

EARLY and LATE, jsn will be used for EARLY, 1^2 for

nominal (EARLY = LATE = 0), andj0'3 for LATE. The

use of "one-shots" or delay line in a Write Precom-

pensation scheme offers the user the ability to vary the

Precomp value. The J0'4 output resets the 74LS175
Latch in anticipation of the next WD pulse. Figure 7

shows the WD-EARLY/LATE relationship, while Figure

8 shows the timing of this write Precomp scheme.

Another method of Precomp is to perform the function

digitally. Figure 9 illustrates a relationship between the

WD pulse and the CLK pin, allowing a digital Precomp

scheme. Figure 10 shows such a scheme with a pre-

set Write Precompensation value of 250ns. The syn-

chronous counter is used to generate 2MHz and 4MHz
clock signals. The 2MHz clock is sent to the CLK input

of the 179X and the 4MHz is used by the 4-bit shift

register. When a WD pulse is not present, the 4MHz
clock is shifting "ones" through the shift register and

maintaining Go at a zero level. When a WD pulse is

present, a zero is loaded at either A, B, or C depending

upon the states of LATE, EN PRECOMP and EARLY.
The zero is then shifted by the 4MHz clock until it

reaches the Qd output. The number of shift operations

determines whether the WRITE DATA pulse is written

early, nominal or late. If both FM and MFM operations

is a system requirement, the output of this circuit should

be disabled and the WD pulse should be sent directly

to the drive.
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DATA SEPARATION

-n The 179X has two inputs (RAW READ & RCLK) and

O one output (VFOE) for use by an external data sepa-

^ rator. The RAW READ input must present clock and

CO data pulses to the 1 79X, while the RCLK input provides

X a "window" or strobe signal to clock each RAW READ
pulse into the device. An ideal Data Separator would
have the leading edge of the RAW READ pulse occur
in the exact center of the RCLK strobe.

Motor Speed Variation, Bit shifts and read amplifier

recovery circuits all cause the RAW READ pulses to

drift away from their nominal positions. As this occurs,
the RAW READ pulses will shift left or right with re-

spect to RCLK. Eventually, a pulse will make its tran-

sition outside of its RCLK window, causing either a
CRC error or a Record-not-Found error at the 179X.

A Phase-Lock-Loop circuit is one method of achieving
synchronization between the RCLK and RAW READ
signals. As RAW READ pulses are fed to the PLL,
minor adjustments of the free-running RCLK frequency
can be made. If pulses are occurring too far apart, the
RCLK frequency is decreased to keep synchroniza-
tion. If pulses begin to occur closer together, RCLK is

increased until this new higher frequency is achieved.
In normal read operations, RCLK will be constantly
adjustecf in ah attempt to rnatcli the inconiihg RAW
READ frequency.

Another method of Data Separation is the Counter-
Separator technique. The RCLK signal is again free-

running at a nominal rate, until a RAW READ pulse
occurs. The Separator then denotes the position of the

pulse with respect to RCLK (by the counter value), and
counts down to increase or decrease the current RCLK
window. The next RCLK window will occur at a nominal
rate and will continue to run at this frequency until an-
other RAW READ pulse adjusts RCLK, but only the
present window is adjusted.

Both PPL and Counter/Separator are acceptable
methods of Data Separation. The PPL has the highest
reliability because of its "tracking" capability and is rec-

ommended for 8" double density designs.

As a final note, the term "Data Separator" may be
misleading, since the physical separation of clock and
data bits are not actually performed. This term is used
throughout the industry, and can better be described
as a "Data Recovery Circuit" rather than a Data
Separator.

The VFOE signal is an output from the 1 79X that sig-

nifies the head has been loaded and valid data pulses
are appearing on the RAW READ line. It can be used
to enable the Data Separator and to insure clean RCLK
transitions to the 179X. Since some drives will output
random pulses when the head is disengaged, VFOE
can prevent an erratic RCLK signal during this time. If

the Data Separator requires synchronization during a
known pattern of one's or zero's, then RG (READ
GATE) can be used. The RG signal will go active when
the 1 79X is currently over a field of zeros or ones. RG
is not available on the 1795/1797 devices, since this

signal was replaced with the SSO (Side Select Output)
Line.

Shown in Figure 1 1 is a £¥2 IC Counter/Separator. The
74LS193 free runs at a frequency determined by the

CRYCLK input. When a RAW READ pulse occurs, the

counter is loaded with a starting count of '5'. When the

RAW READ Line returns to a Logic 1, the counter

counts down to zero and again free runs. The 74LS74
insures a 50% duty cycle to the 179X and performs a
divide-by-two of the Qd output.

Figure 12 illustrates another Counter/Separator utiliz-

ing a PROM as the count generator. Depending upon
the RAW READ phase relationship to RCLK, the PROM
is addressed and its data output is used as the counter

value. A 16MHz clock is required for 8" double density,

while an 8MHz clock can be used for single density.

Figure 13 shows a Phase-Lock-Loop data recovery

circuit. The phase detector (U2, Figure 2) compares
the phase of the SHAPED DATA pulse to the phase
of VFO CLK -r 2. If VFO CLK -=- 2 is lagging the

SHAPED DATA pulse an output pulse on #9, U2 is

generated. The filter/amplifier converts this pulse into

a DC signal which increases the frequency of the VCO.

If, correspondingly, CLK ^ 2 is leading the SHAPED
DATA pulse, an output pulse on #5, U2 is generated.

This pulse is converted into a DC signal which de-

creases the frequency of the -VGO. These two actions

cause the VCO to track the frequency of the incoming
READ DATA pulses. This correction process to keep
the two signals in phase is constantly occurring because
of spindle speed variation and circuit parameter
variations.

The operating specifications for this circuit are as
follows:

Free Running Frequency 2MHz
Capture Range ± 15%
Lock Up Time 50 microsec. "1111" or

"0000" Pattern

100 Microsec "1010" Pat-

tern

The RAW READ pulses are generated from the falling

edge of the SHAPED DATA pulses. The pulses are

also reshaped to meet the 179X requirements. VFO
CLK 4^ 2 OR 4 is divided by 2 once again to obtain

VFO CLK OUT whose frequency is that required by the

179X RCLK input. RCLK must be controlled by VFOE
so VFOE is sampled on each rising edge of VFO CLK
OUT. When VFOE goes active EN RCLK goes active

in synchronization with VFO CLK OUT preventing any
glitches on the RCLK output. When VFOE goes inac-

tive EN RCLK goes inactive in synchronization with

VFO CLK OUT, again preventing any glitches on the

RCLK output.

Figure 14 illustrates a PPL data recovery circuit using

the Western Digital 1691 Floppy Support device. Both
data recovery and Write Precomp Logic is contained
within the 1691, allowing low chip count and PLL re-

liability. The 74S124 supplies the free-running VCO
output. The PUMP UP and PUMP DOWN signals from
the 1691 are used to control the 74S124's frequency.
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COMMAND USAGE
Whenever a command is successfully or unsuccess-

fully completed, the busy bit of the status register is

reset and the INTRQ line is forced high. Command ter-

mination may be detected either way. The INTRQ can

be tied to the host processor's interrupt with an appro-

priate service routine to terminate commands. The

busy bit may be monitored with a user program and

will achieve the same results through software. Per-

forming both an INTRQ and a busy bit check is not

recommended because a read of the status register to

determine the condition of the busy bit will reset the

INTRQ line. This can cause an INTRQ from not

occurring.

RESTORE COMMAND
On some disk drives, it is possible to position the R/W
head outward past Track 00 and prevent the TROO
line from going low unless a STEP IN is first performed.

If this condition exists in the drive used, the RESTORE
command will never detect a TROO. Issuing several

STEP IN pulses before a RESTORE command will

remedy this situation. The RESTORE and all other

Type I commands will execute even though the READY
bit indicates the drive is not ready (NOT READY = 1).

READ TRACK COMMAND
The READ TRACK command can be used to manually

inspect data on a hard copy printout. Gaps, address

marks and all data are brought in to the data register

during this command. The READ TRACK command
may be used to inspect diskettes for valid formatting

and data fields as well as address marks. Since the

179X does not synchronize clock and data until the in-

dex Address Mark is detected, data previous to this ID

mark will not be valid. READ GATE (RG) is not ac-

tuated during this command.

READ ADDRESS COMMAND
In systems that use either multiple drives or sides, the

read address command can be used to tell the host

processor which drive or side is selected. The current

position of the R/W head is also denoted in the six

bytes of data that are sent to the computer.

TRACK SIDE SECTOR
CRS

LENGTH
CRC

1

CRC
2

The READ ADDRESS command as well as all other

Type II and Type III commands will not execute if the

READY line is inactive (READY = 0). Instead, an in-

terrupt will be generated and the NOT READY status

bit will be set to a 1

.

FORCED INTERRUPT COMMAND
The Forced Interrupt command is generally used to

terminate a multiple sector command or to insure Type

I status in the status register. The lower four bits of the

command determine the conditional interrupt as follows:

1o = NOT-READY TO READY TRANSITION

1i
= READY TO NOT-READY TRANSITION

I2 = EVERY INDEX PULSE
1, = IMIVIEDIATE INTERRUPT

Regardless of the conditional interrupt set, any com-

mand that is currently being executed when the Forced

Interrupt command is loaded will immediately be ter-

minated and the busy bit will be reset indicating an idle

condition.

Then, when the condition for interrupt is met, the INTRQ
line will go high signifying that the condition specified

has occurred.

The conditional interrupt is enabled when the corre-

sponding bit positions of the command (I3 -Iq) are set

to a 1 . If I3 -lo are all set to zero, no interrupt will occur,

but any command presently under execution will be

immediately terminated upon receipt of the Force In-

terrupt command (HEX DO).

As usual, to clear the interrupt a read of the status reg-

ister or a write to the command register is required.

The exception is when using the immediate interrupt

condition (I3 = 1). If this command is loaded into the

command register, an interrupt will be immediately

generated and the current command terminated.

Reading the status or writing to the command register

will not automatically clear the interrupt; another forced

interrupt command with I3 -Iq = must be loaded into

the command register in order to reset the INTRQ from

this condition.

More than one condition may be set at a time. If for

example, the READY TO NOT-READY condition (I, =

1) and the Every Index Pulse (I2 = 1) are both set, the

resultant command would be HEX "DA". The "OR"

function is performed so that either a READY TO NOT-
READY or the next Index Pulse will cause an interrupt

condition.

DATA RECOVERY
Occasionally, the R/W head of the disk drive may get

"off track", and dust or dirt may get trapped on the

media. Both of these conditions will cause a RECORD
NOT FOUND and/or a CRC error to occur. This "soft

error" can usually be recovered by the following

procedure:

1. Issue the command again

2. Unload and load the head and repeat step

3. Issue a restore, seek the track, and repeat step 1

if RNF or CRC errors are stiii occurring after trying

these methods, a "hard error" may exist. This is usu-

ally caused by improper disk handling, exposure to

high magnetic fields, etc. and generally results in de-

stroying portions or tracks of the diskette.
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21 FIGURE 1. DEVICE CHARACTERISTICS

X DEVICE SNGL DENSITY DBLE DENSITY INVERTED BUS TRUE BUS DOUBLE-SIDED

1791 X X X
1792 X X
1793 X X X
1794 X X
1795 X X X X
1797 X X X X

FIGURE 2. STORAGE CAPACITIES

UNFORMAI IhD FORMATTED

SIZE DENSITY SIDES

CAPACITY (NOMINAL) BYTE
TRANSFER

TIME

CAPACITY

PER TRACK PER DISK PER TRACK PER DISK

5V4" SINGLE 1 3125 109,375* 64/i,s 2304** 80,640
51/4" DOUBLE 1 6250 218,750 32/as 4608*** 161,280
51/4" SINGLE 2 3125 218,750 64/xs 2304 161,280
51/4" DOUBLE 2 6250 437,500 32/Lts 4608 322,560
8" SINGLE 1 5208 401,016 32;aS 3328 256,256
8" DOUBLE 1 10,416 802,032 16|U,s 6656 512,512
8" SINGLE 2 5208 802,032 32iu,s 3328 512,512
8" DOUBLE 2 10,416 1,604,064 16/LiS 6656 1,025,024

'Based on 35 Tracks/Side

'Based on 18 Sectors/Track (128 byte/sec)

'Based on 18 Sectors/Track (256 bytes/sec)
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FIGURE 3. NOMINAL VS. WORSE CASE SERVICE TIME

SIZE DENSITY
NOMINAL TRANSFER

TIME

WORST-CASE 179X SERVICE TIME

READ WRITE

51/4"

51/4"

8"

8"

SINGLE
DOUBLE
SINGLE
DOUBLE

64/xS

32/u,s

32/LtS

16jmS

55.0/i,s

27.5/13

27.5fjLS

13.5/xS

47.0/iS

23.5/xS

23.5/aS

n.S/iS

FIGURE 4A. FM RECORDING

PIFII^f^Fl F1F1F1 F1 R RR]
RULE:

1) WRITE DATA BITS AT CENTER
OFBITCELLIF A -I"

2) WRITE CLOCK BITS AT LEADING
EDGE OF THE BIT CELL

FIGURE 4B. MFM RECORDING

2ms

BITO

__F1 R
RULE:

1) WRITE DATA BITS AT CENTER
OF BIT CELL IF A "1"

2) WRITE CLOCK BITS AT LEADING
EDGE OF BIT CELL IF:

A) NO DATA BIT HAS BEEN WRITTEN LAST
—AND—

B) NO DATA BIT WILL BE WRITTEN NEXT

R Jl

BIT 4 I BITS BIT 6 BIT 7

K
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FIGURE 5. WF/VFOE DEMULTIPLEXING CIRCUITRY

n
a
(O
X

i>--

PIN 33 USED AS A VFOE SIGNAL ONLY

V

—

r^^'^ - ^ {WG TO DRIVE)

-< (WF FROM DRIVE)

\^
PIN 33 USED AS VFOE AND WF SIGNALS

y \
—

<

"7~^—

Q

WG
WF (FROM DRIVE)

WG (TO DRIVE)

PIN 33 USED AS A WF SIGNAL ONLY

EARLY

LATE nl>^

7 C-LATE

15 C-NOMINAL

H2 > i—^A/
PRECOMP.
ADJUST

IN M
/f2

fP\N

FIGURE 6. 179X WRITE PRE-COMP
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2, 3. 4ms, ± CLK TOL

EARLY
OR LATE

DOUBLE TIMES FOR 5" (MINI-FLOPPY)

125 NS MIN. VALID
FOR DURATION OF
WD PULSE

2, 4fis ± CLK TOL

L*_ 500 NS ± 50

EARLY
OR LATE

DOUBLE TIMES FOR 5" (MINI-FLOPPY)

VALID BEFORE LEADING EDGE OF WD

WRITE PRE-COMP TIMING FOR MFM WRITE PRE-COMP TIMING FOR FM

FIGURE 7. WRITE PRE-COMP TIMING

BIT CELL
I

BIT CELL 1 1 BIT CELL 2 I BIT CELL 3 I BIT CELL 4 I BIT CELL 5 1 BIT CELL 6 I BIT CELL 7 I BIT CELL 8 I BIT CELL 9

I

j-*- 200 NS

__JL__R_J1>125NSf-i >

n n
j~i.

"~M

n

J] ri

ji n
ji

u—LT

w~w

J~L

_n
r~i

_r

ji JI n
ji ji R
R J] n
IT

1^

—

u
u—LT—y

—

FIGURE 8. PRECOMP TIMING FOR CIRCUIT IN FIGURE 6
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FIGURE 9. WD/CLK RELATIONSHIP FOR WRITE PRECOMP USE

TG43 (EN PRECOMP)

EARLY 6

(TO 1791)

WRITE
DATE
(TO DRIVE!

FIGURE 10. DIGITAL WRITE PRECOMP CIRCUIT
(PROVIDED COURTESY OF MPI. OKLAHOMA CITY, OK 73112
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RAW READ >-
FROM DRIVE

a
R, C = 150NS ± 50

n

CO
X

-5 ^

_r

LD

A
B Qo
C

° CU

CD r.

A
CRYCLK

TYPE DDEN CRYCLK 1

8' FM 1 8 MHz

5" MFM 8 MHz

5" FM j 1 4 MHz

RG

DDEN

FIGURE 11. COUNTER/SEPARATOR
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745288 PROGRAMMING TABLE

ADDRESS DATA ACTION TAKEN

00 01 NONE

01 01 RETARD BY 1 COUNT
02 02

03 03

04 03 RETARD BY 2 COUNTS

05 04

06 05

07 06

08 OB ADVANCE BY 2 COUNTS

09 OD

OA OC

OB OE

OC OF

OD OF ADVANCE BY 1 COUNT
OE 00

OF 01

10 01 FREE RUN

11 02

12 03

13 04

14 05

15 06

16 07

17 08

18 09

19 OA

1A OB

1B OC

1C OD

ID OE

IE OF

IF 00

READ DATA
FROM >-
DRIVE P-

D Q

C S

TU

16 MHz
CLOCK /-Lauo

n
Aj D.

A, Da
C "G-

T

VF5BWF

RAW READ

FIGURE 12. 179X DATA SEPARATOR

(PROVIDED COURTESY OF ANDROMEDA SYSTEMS, PANORAMA CITY, CA 91402)

FD179X
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200 NS ± 25

-<C] FROM

DRIVE

1) ALL RESISTORS 'AW ± 5%
2. SPECIFICATIONS =

CAPTURE RANGE: ±20%
LOCK-UP TIME: 25^360

(ALL QNE'S PATTERN, MFM)

3) FOR 5 1/4" 8

.68/Lif .33/w.f

eaa ssn

FIGURE 14. 8" SINGLE/DOUBLE DENSITY SYSTEM

FD179X



Refer to 179X-02 Floppy Disk Formatter/Controller
-fl

Family Data Siieet for Command, Timing and Status q
Information. -^

CO
X
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WESTERN DIGITALCORPOnATiON
WD279X-02 Floppy Disk Formatter/Controller Family

FEATURES

• ON-CHIP PLL DATA SEPARATOR

• ON-CHIP WRITE PRECOMPENSATION LOGIC

• SINGLE -H5V SUPPLY

• ACCOMMODATES SINGLE AND DOUBLE DENSITY

FORMATS
IBM 3740 (FM)

IBM 34 (MFM)

• AUTOMATIC SEEK WITH VERIFY

• MULTIPLE SECTOR READ/WRITE

• TTL COMPATIBLE

• PROGRAMMABLE CONTROL
SELECTABLE TRACK-TO-TRACK ACCESS
HEAD LOAD TIMING

• SOFTWARE COMPATIBLE WITH THE FD179X SERIES

• SOFT SECTOR FORMAT COMPATIBILITY

ENP 1 ,
^ «^ HLT

WF 1
2 39 zn INTRO

CS|= 3 38 =1 DRQ

reCZ 4 37 =1 DDEN

AO 1 5 36 ID WPRT

Aid 6 35 zn IP

DALO 1 7 34 zn TROO

DAL1 1 8 33 =: WPW
DAL 2 1 9 32 =1 READY

DAL3I 10 31 ID WD

AL4[IZ 11 30a WG

DALSLZI 12 29 =1 TG43

HAIfil 13

14

28

27

=1 HLD

DAL7I _l RAWRD

sTEPi
:

15 26 =1 VCO

DIRCEZZ 16 25 tzi SSO/ENMF

5/8 CH 17 24tn CLK

RPW[ 18 23^ PUMP

mrI 19 22 =D TEST

gndI 20 21 ZUVcc

o
ro
>!
CO
X
o

PIN DESIGNATION

DESCRIPTION

The WD279X are N-Channel Silicon Gate MOS LSI devices

which perform the functions of a Floppy Disk For-

matter/Controller in a single chip implementation. The

WD279X, which can be considered the end result of both

the FD1771 and FD179X designs, is IBM 3740 compatible in

single density mode (FM) and System 34 compatible in

Double Density Mode (MFM). The WD279X contains all the

features of its predecessor the FD179X plus a high per-

formance Phase- Locl<-Loop Data Separator as well as Write

Precompensation Logic. In Double Density mode, Write

Precompensation is automatically engaged to a value

programmed via an external potentiometer. In order to

maintain compatibility, the FD1771, FD179X and WD279X
designs were made as close as possible with the computer

interface, instruction set, and I/O registers t)eing identical.

Also, head load control is identical. In each case, the actual

pin assignments vary by only a few pins from any one to

another

The processor interface consists of an 8-bit bi-directional

bus for data, status, and control word transfers. The

WD279X is set up to operate on a multiplexed bus with

other bus-oriented devices.

The WD279X is TTL compatible on all inputs and outputs.

The outputs will drive one TTL load or three LS loads. The
2793 is identical to the 2791 except the DAL lines are TRUE
for systems that utilize true data busses.

The 2795/7 has a side select output for controlling double

sided drives.
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PIN DESCRIPTION

PIN NUMBER PIN NAME SYMBOL FUNCTION

D
(OX
6

1

19

ENABLE PRECOMP

MASTER RESET

ENP

MR

20

21

POWER SUPPLIES

COMPUTER INTERFACE:

2

3

4

5,6

7-14

24

38

39

WRITE ENABLE

CHIP SELECT

READ ENABLE

REGISTER SELECT LINES

vss

vcc

WE

CS

RE

AO, A1

DATA ACCESS LINES

CLOCK

DATA REQUEST

INTERRUPT REQUEST

FLOPPY DISK INTERFACE:

15

16

17

18

22

STEP

DIRECTION

5V4," 8" SELECT

READ PULSE WIDTH

TEST

DAL0-DAL7

CLK

DRQ

INTRQ

STEP

DIRC

5/8

RPW

TEST

A Logic high on this input enables write precompen-

sation to be performed on double density Write Data

output only.

A logic low (50 microseconds min.) on this input

resets the device and loads HEX 03 into the com-

mand register The Not Ready (Status Bit 7) is reset

during MR ACTIVE. When MR is brought to a logic

high a RESTORE Command is executed, regardless

of the state of the Ready signal from the drive. Also,

HEX 01 is loaded into sector register

Ground

-I-5V ±5%

A logic low on this input gates data on the DAL into

the selected register when CS is low.

A logic low on this input selects the chip and enables

computer communication with the device.

A logic low on this input controls the placement of

data from a selected register on the DAL when CS is

low.

These inputs select the" register to receiye/trarrsfer

data on the DAL lines under RE and WE control:

CS A1 AO

1

1

1 1

RE WE
Status Reg Command Reg

Track Reg Track Reg

Sector Reg Sector Reg

Data Reg Data Reg

Eight bit bi-directional bus used for transfer of com-

mands, status, and data. These lines are inverted

(active low) on WD2791 and WD2795.

This input requires a free-running 50% duty cycle

square wave clock for internal timing reference, 2

MHz ± 1% for 8" drives, 1 MHz ± 1% for mini-

floppies.

This output indicates that the Data Register contains

assembled data in Read operations, or the DR is

empty in Write operations. This signal is reset when

serviced by the computer through reading or loading

the DR.

This output is set at the completion of any command
and is reset when the Status register is read or the

Command register is written to.

The step output contains a pulse for each step.

Direction Output is active high when stepping in,

active low when stepping out

This input selects the internal VCO frequency for use

with 51/4" drives or 8" drives.

An external potentiometer tied to this input controls

the phase comparator within the data separator.

A logic low on this input allows adjustment of exter-

nal resistors by enabling internal signals to appear on

selected pins.
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PIN DESCRIPTION (Continued)

PIN NUMBER PIN NAME SYMBOL FUNCTION

23 PUMP PUMP High-Impedance output signal which is forced high

25 ENABLE MINI-FLOPPY

or low to increase/decrease the VCO frequency.

A logic low on this input enables an internal -r- 2 ofENMF
(2791,2793) the Master Clock. This allows both 5V4 " and 8" drive

operation with a single 2 MHz clock. For a 1 MHz
clock on Pin 24, this line must be left open or tied to a

Logic 1.

25 SIDE SELECT OUTPUT SSO The logic level of the Side Select Output is directly

(2795, 2797) controlled by the 'S' flag in Type II or III commands.
When U = 1, SSO is set to a logic 1. When U = 0,

SSO is set to a logic 0. The SSO is compared with the

side information in the Sector I.D. Field. If they do not

compare Status Bit 4 (RNF) is set. The Side Select

Output is only updated at the beginning of a Type II or

III command. It is forced to a logic upon a MASTER
RESET condition.

26 VOLTAGE-CONTROLLED VCO An external capacitor tied to this pin adjusts the VCO

27

OSCILLATOR center frequency.

The data input signal directly from the drive. ThisRAW READ RAW READ
input shall be a negative pulse for each recorded flux

transition.

28 HEAD LOAD HLD The HLD output controls the loading of the Read-

Write head against the media.

29 TRACK GREATER TG43 This output informs the drive that the ReadAA/rite

THAN 43 head is positioned between tracks 44-76. This output

is valid only during Read and Write Commands.

30 WRITE GATE WG This output is made valid before writing is to be

performed on the diskette.

31 WRITE DATA WD MFM or FM output pulse per flux transition. WD
contains the unique Address marks as well as data

and clock in both FM and MFM formats.

32 READY READY This input indicates disk readiness and is sampled

for a logic high before Read or Write commands are

performed. If Ready is low the Read or Write

operation is not performed and an interrupt is

generated. Type 1 operations are performed regard-

less of the sta^e of Ready. The Ready input appears in

inverted format as Status Register bit 7.

33 WRITE PRECOMP WPW An external potentiometer tied to this input controls

34

WIDTH

TROO

the amount of delay in Write precompensation mode.

This input informs the WD279X that the Read/WriteTRACK 00

35 IP

head is positioned over Track 00.

This input informs the WD279X when the index holeINDEX PULSE

36

is encountered on the diskette.

This input is sampled whenever a Write Command isWRITE PROTECT WPRT
received. A logic low terminates the command and

37

sets the Write Protect Status bit.

This input pin selects either single or double densityDOUBLE DENSITY DDEN
operation. When DDEN = 0, double density is

selected. When DDEN = 1, single density is

selected.

40 HEAD LOAD TIMING HLT When a logic high is found on the HLT input the head

is assumed to be engaged. It is typically derived from

a 1 shot triggered by HLD.
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APPLICATIONS

8" FLOPPY AND 5Va" MINI FLOPPY CONTROLLER
SINGLE OR DOUBLE DENSITY
CONTROLLER/FORMATTER

The WD279X Family are MOS/LSI devices which perform

the functions of a Floppy Disk Controller/ Formatter. Soft-

ware compatible with its predecessor, the FD179X, the

device also contains a high performance Phase-Lock-Loop

Data Separator as well as Write Precompensation Logic.

When operating in Double Density mode, Write Precom-

pensation may be enabled, its value predetermined by an

external potentiometer An on-chip VCO and phase

comparator allows adjustable frequency range for 5V4" or

8" Floppy Disk interfacing.

The WD279X is fabricated in NMOS silicon gate technology

and available in a 40 pin dual-in-line package.

FEATURES 2791 2793 2795 2797

Single Density (FM) X X X X

Double Density (MFM) X X X X

Tnje Data Bus X X
Inverted Data Bus X X

Side Select Out X X

Internal CLK Divide X X

ORGANIZATION

The Floppy Disk Formatter block diagram is iiiustrated on

page 5. The primary sections include the parallel processor

interface and the Floppy Disk interface.

Data Shift Register — This 8-bit register assembles serial

data from the Read Data input (RAW READ) during Read

operations and transfers serial data to the Write Data

output during Write operations.

Data Register — This 8-bit register is used as a holding

register during Disk Read and Write operations in Disk

Read operations the assembled data byte is transferred in

parallel to the Data Register from the Data Shift Register. In

Disk Write operations information is transferred in parallel

from the Data Register to the Data Shift Register

When executing the Seek command the Data Register

holds the address of the desired Track position. This

register is loaded from the DAL and gated onto the DAL
under processor control.

Track Register — This 8-bit register holds the track number

of the current Read/Write head position. It is incremented

by one every time the head is stepped in (towards track 76)

and decremented by one when the head is stepped out

(towards track 00). The contents of the register are com-

pared with the recorded track number in the ID field during

disk Read, Write and Verify operations. The Track Register

can be loaded from or transferred to the DAL. This Register

should not be loaded when the device is busy.

Sector Register (SR) — This 8-bit register holds the address

of ttiedestred sector position. Ttie-contents of the register

are compared with the recorded sector numt>er in the ID

field during disk Read or Write operations. The Sector

Register contents can be loaded from or transferred to the

DAL. This register should not be loaded when the device is

busy.

Command Register (CR) — This 8-bit register holds the

command presently being executed. This register should

not be loaded when the device is busy unless the new

command is a force interrupt. The command register can

be loaded from the DAL, but not read onto the DAL.

Status Register (STR) — This 8-bit register holds device

Status information. The meaning of the Status bits is a

function of the type of command previously executed. This

register can be read onto the DAL, but not loaded from the

DAL

CRC Logic — This logic is used to check or to generate the

16-bit Cyclic Redundancy Check (CRC). The polynomial is:

G(x) = x16 + x12 + x5 + 1.

The CRC includes all information starting with the address

mark and up to the CRC characters. The CRC register is

preset to ones prior to data being shifted through the

circuit.

Arithmetic/Logic Unit (ALU) — The ALU is a serial compara-

tor, incrementer, and decrementer and is used for register

modification and comparisons with the disk recorded ID

field.

Timing and Control — All computer and Floppy Disk in-

terface controls are generated through this logic. The in-

ternal device timing is generated from an external crystal

clock.

AM Detector — The address mark detector detects ID, data

Write Precompensation — enables write precompensation

to be performed on the Write Data output.
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Data Separator — a high performance Phase-Lock-Loop
Data Separator with on-chip VCO and phase comparator
allows adjustable frequency range for 5V4" or 8" Floppy
Disk interfacing.

PROCESSOR INTERFACE

The interface to the processor is accomplished through the

eight Data Access Lines (DAL) and associated control

signals. The DAL are used to transfer Data, Status, and
Control words out of, or into the WD279X. The DAL are

three state buffers that are enabled as output drivers when
Chip Select (CS) and Read Enable (RE)_are active (low logic

state) or act as input receivers when CS and Write Enable
(WE) are active.

When transfer of data with the Floppy Disk Controller is

required by the host processor, the device address is

decoded and CS is made low_The address bits A1 and AO,

combined with the signals RE during a Read operation or

WE during a Write operation are interpreted as selecting

the following registers:

A1 - AO READ (RE) WRITE (WE)

Status Register

1 Track Register

1 Sector Register

1 1 Data Register

Command Register

Track Register

Sector Register

Data Register

During Direct Memory Access (DMA) types of data trans-

fers between the Data Register of the WD279X and the
processor, the Data Request (DRQ) output is used in Data
Transfer control. This signal also appears as status bit 1

during Read and Write operations.

On Disk Read operations the Data Request is activated (set

high) when an assembled serial input byte is transfen-ed in

parallel to the Data Register This bit is cleared when the

Data Register is read by the processor If the Data Register

is read after one or more characters are lost, by having new
data transferred into the register prior to processor readout,

the Lost Data bit is set in the Status Register. The Read
operation continues until the end of sector is reached.

On Disk Write operations the data Request is activated

when the Data Register transfers its contents to the Data
Shift Register, and requires a new data byte. It is reset when
the Data Register is loaded with new data by the processor
If new data is not loaded at the time the next serial byte is

required by the Floppy Disk, a byte of zeroes is written on
the diskette and the Lost Data bit is set in the Status
Register

At the completion of every command an INTRO is

generated. INTRO is reset by either reading the status

register or by loading the command register with a new
command. In addition, INTRO is generated if a Force In-

terrupt command condition is met.
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The 279X has two modes of operation according to the

state of DDEN (Pin 37). When DDEN = 1, Single Density

(FM) is selected. When DDEN = 0, Double Density (MFM)

is selected. In either case, the CLK input (Pin 24) is set at 2

MHz for 8" drives or 1 MHz for 5V4 " drives.

On the 2791/2793, the ENMF input (Pin 25) can be used for

controlling both 5V4 " and 8" drives with a single 2 MHz

clocl^. When ENMF =
, an internal -^ 2 of the CLK is

performed. When ENMF = 1, no divide takes place. This

allows the use of a 2 MHz clock for both 5V4" and 8"

configurations.

The internal VCO frequency must also be set to the proper

value. The 5/8 input (Pin 17) is used to select data separator

operation by internally dividing the Read Clock. When 5/8

= 0, 5V4" data separation is selected; when 5/8 = 1,
8"

drive data separation is selected.

CLOCK (24) ENMF (25) 5/8(17) DRIVE

2 MHz
2 MHz
1MHz

1

1

1
8"

51/4"

51/4"

FUNCTIONAL DESCRIPTION

The WD279X-02 is software compatible with the FD179X-02

senes of FtGppyDls1< Controllers, t^oriimands, status, and

data transfers are performed in the same way Software

generated for the 179X can be transferred to a 279X system

without modification.

In addition to the 179X, the 279X contains an internal Data

Separator and Write precompensation circuit. The TEST

(Pin 22) line is used to adjust both data separator and pre-

compensation. When TEST = 0, the WD (Pin 31) line is

internally connected to the output of the write precomp

one-shot. Adjustment of the WPW (Pin 33) line can then be

accomplished. A second one-shot tracks the precomp set-

ting at approximately 3:1 to insure adequate Write Data

pulse widths to meet drive specifications.

Similarly Data separation is also adjusted with TEST = 0.

The TG43 (Pin 29) line is internally connected to the output

of the read data one-shot, which is adjusted via the RPW
(Pin 18) line. The DIRC (Pin 16) line contains the Read Clock

output (.5 MHz for 8" drives). The VCO Trimming capacitor

(Pin 26) is adjusted for center frequency

Internal timing signals are used to generate pulses during

the adjustment mode so that these adjustments can be

made while the device is in-circuit. The TEST line also

contains a pull-up resistor, so adjustments can be per-

formed simply by grounding the TEST pin, overriding the

pull up. The TEST pin cannot be used to disable stepping

rates during operation as its function is quite different from

the179X.

Other pins on the device also include pull-up resistors and

may be left open to satisfy a Logic 1 conditioajhese are:

ENP, 5/8, ENMF, WPRT DDEN, HLT TEST, and MR.

GENERAL DISK READ OPERATIONS

r^ i_- i_«»4.|.m rs* ^OQ OCC KiO /-.r A(\OA -ira nhtciinahio in

either FM or MFM fonnats. For FM, DDEN should be

placed to logical "1." For MFM formats, DDEN should be

Sector Length Table*

Sector Length Number of Bytes

Field (hex) in Sector (decimal)

00 128

01 256

02 512

03 1024

' 2795/97 may vary — see command summary.

placed to a logical "0." Sector lengths are determined at

format time by the fourth byte in the "ID" field.

The WD279X recognizes tracks and sectors numbered 00-

FFX. However, due to programming restrictions, only tracks

and sectors 00 thru F4 can be formatted.

GENERAL DISK WRITE OPERATION

When writing is to take place on the diskette the Write Gate

(WG) output is activated, allowing current to flow into the

Read/Write head. As a precaution to en'oneous writing the

first data byte must be loaded into the Data Register in

response toa Data Request ffomtt»e279X before the Write

Gate signal can be activated.

Writing is inhibited when the Write Protect input is a logic

low, in which case any Write command is immediately

tenminated, an interrupt is generated and the Write Protect

status bit is set.

For write operations, the 279X provides Write Gate (Pin 30)

and Write Data (Pin 31) outputs. Write data consists of a

series of pulses set to a width approximately three times

greater than the precomp adjustment. Write Data provides

the unique address mari<s in both formats.

READY

Whenever a Read or Write command (Type II or 111) is

received the 279X samples the Ready input. If this input is

logic low the command is not executed and an interrupt is

generated. All Type I commands are performed regardless

of the state of the Ready input. Also, whenever a Type II or

III command is received, the TG43 signal output is updated.

TG43 may be tied to ENP to enable write precompensation

on tracks 44-76.

COMMAND DESCRIPTION

The WD279X will accept eleven commands. Command

words should only be loaded in the Command Register

when the Busy status bit is off (Status bit 0). The one ex-

ception is the Force interrupt command. Whenever a

command is being executed, the Busy status bit is set.

When a command is completed, an interrupt is generated

and the Busy status bit is reset. The Status Register in-

dicates whether the completed command encountered an

error or was fault free. For ease of discussion, commands

are divided into four types. Commands and types are

summarized in Table 1.
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TABLE 1. COMMAND SUMMARY
A. Commands for Models: 2791, 2793 B. Commands for Models: 2795, 2797

Bits Bits

Type Command 7 6 5 4 3 2 1 7 6 5 4 3 2 1

1 Restore h V M ro h V ri ro

1 Seek 1 li V n ro 1 h V ri ro

1 Step 1 T h V M ro 1 T h V ri ro

1 Step-in 1 T h V ri ro 1 T h V ri ro

1 Step-out 1 1 T h V M ro 1 1 T h V ri ro

II Read Sector m S E C m L E U
II Write Sector 1 m S E C ao 1 m L E U ao

III Read Address 1 E 1 E U
III Read Track 1 1 E 1 1 E U
III Write Track 1 1 1 E 1 1 1 E U
IV Force Interrupt 1 1 l3 l2 ll lO 1 1 l3 l2 ll lO

FLAG SUMMARY TABLE 2. FLAG SUMMARY

Command
Type

Bit

No{s) Description

1 0,1 ri ro = Stepping Motor Rate

See Table 3 for Rate Summary

1 2 V = Track Number Verify Flag V = 0, No verify

V = 1, Verify on destination track

1 3 h = Head Load Flag h = 0, Unload head at beginning

h =1, Load head at beginning

1 4 T = Track Update Flag T = 0, No update

T = 1, Update track register

II & III ao = Data Address Mark ao=0,FB(DAM)
ao= 1,F8 (deleted DAM)

II 1 C = Side Compare Flag C = 0, Disable side compare

C = 1, Enable side compare

II & III 1 U = Update SSO U = 0, Update SSO too

U = 1, Update SSO to 1

II & III 2 E = 15 MS Delay E = 0, No. 15 MS delay

E = 1, 15 MS delay (30 MS for 1 MHz)

II

II

II

3

3

4

S = Side Compare Flag

L - Sector Length Flag

S = 0, Compare for side

S = 1 , Compare for side 1

LSB's Sector Length in ID Field

00 01 10 11

L = 256 512 1024 128

L = 1 128 256 512 1024

m = Multiple Record Flag m = 0, Single record

m = 1, Multiple records

IV 0-3 'x = Interrupt Condition Flags

•o = 1 Not Ready To Ready Transition

h =1 Ready To Not Ready Transition

'2 = 1 1ndex Pulse

I3 = 1 1mmediate Interrupt, Requires A Reset*

13-IC = OTerminateWith No Interrupt (INTRQ)

'NOTE: See Type IV Command Description for further information.
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Write Precompensation

When operating in Double Density mode (DDEN = 0), the

279X has the capability of providing a user-defined

precompensation value for Write Data An external

potentiometer (1 OK) tied to theWPW signal (Pin 33) allows a

setting of 100 to 300 ns from nominal.

Setting the Write precomp value is accomplished by for-

cing the TEST line (Pin 22) to a Logic 0. A stream of pulses

can then be seen on the Write Data (Pin 31) line. Adjust the

WPW Potentiometer for the desired pulse w/idth. This

adjustment may be performed in-circuit since Write Gate

(Pin 30) is inactive while TEST = 0.

Data Separation

The 279X can operate with either an external data separator

or its own internal recovery circuits. The condition of the

TEST line (Pin 22) in conjunction with MR (Pin 19) will select

internal or external mode.

To program the 279X for external VCO, a MR pulse must be

applied while TEST = 0. A clock equivalent to eight times

the data rate (e.g., 4.0 MHz for 8" Double Density) is applied

to the VCO input (Pin 26). The feedback reference voltage is

available on the Pump output (Pin 23) for external in-

tegration to control the VCO. TEST is returned to a Logic 1

for normal operatiofv. Note: To-fnaintain-this mode; TEST

must be held low whenever MR is applied.

For internal VCO operation, the TEST line must be high

during the MR pulse, then set to a Logic for the ad-

justment procedure.

A 50K Potentiometer tied to the RPW input (Pin 18) is used

to set the internal Read Data pulse for proper phasing. With

a scope on Pin 29 (TG43), adjust the RPW pulse for 1/8 of

the data rate (250 ns for 8" Double Density). An external

variable capacitor of 5-60 pf is tied to the VCO input (Pin 26)

for adjusting center frequency With a frequency counter

on Pin 16 (DIRC) adjust the trimmer cap to yield the ap-

propriate Data Rate (500 KHz for 8" Double Density). The

DDEN line must be low while the 5/8 line is held high or the

adjustment times above will be doubled.

After adjustments have been made, the TEST pin is

returned to a Logic 1 and the device is ready for operation.

Adjustments may be made in-circuit since the DIRC and

TG43 lines may toggle without affecting the drive.

The PUMP output (Pin 23) consists of positive and negative

pulses, which their duration is equivalent to the phase

difference of incoming Data vs. VCO frequency. This signal

is internally connected to the VCO input, but a Filter is

needed to connect these pulses to a slow moving DC
voltage.

The internal phase-detector is unsymmetrical for a random

distribution of data pulses by a factor of two, in favor of a

PUMP UP condition. Therefore, it is desirable to have a

PUMP DOWN twice as responsive to prevent run-away

during a lock attempt.

A first order lag-lead filter can be used at the PUMP output

(Pin 23). This filter controls the instantaneous response of

the VCO to bit-shifted data (jitter) as well as the response to

normal frequency shift, i.e., the lock-up time. A balance

must be accomplished between the two conditions to

inhibit over-responsiveness to jitter and to prevent an

extremely wide lock-up response, leading to PUMP run-

away The filter affects these two reactions in mutually

opposite directions.

The following Filter Circuit is recommended for 8"

FM/MFM:

PUMP ^
(PIN 23) \~1.

1KS: iNgi4

Since 5Va " Drives operate at exactly one-half the data rate

(250 Kt)/sec) the atx)ve capacitor should be doubled to .2 or

.22fif.

TYPE I COMMANDS

The Type I Commands include the Restore, Seek, Step,

Step-in, and Step-Out commands. Each of the Type I

Commands contains a rate Tietd (ro ri), which detenrrines

the stepping motor rate as defined in Table 3.

A 2fiS (MFM) or 4 ^s (FM) pulse is provided as an output to

the drive. For every step pulse issued, the drive moves one

track location in a direction determined by the direction

output. The chip will step the drive in the same direction it

last stepped unless the command changes the direction.

The Direction signal is active high when stepping in and

low when stepping out. The Direction signal is valid before

the first stepping pulse is generated.

The rates (shown in Table 3) can be applied to a Step-

Direction Motor through the device interface.

TABLES. STEPPING RATES

CLK 2 MHz 1MHz
R1 RO TEST = 1 TEST = 1

3 ms 6 ms
1 6 ms 12 ms

1 10 ms 20 ms
1 1 15 ms 30 ms

After the last directional step an additional 15 milliseconds

of head settling time takes place if the Verify flag is set in

Type I commands. Note that this time doubles to 30 ms for

a 1 MHz clock. There is also a 15 ms head settling time if

the E flag is set in any Type II or III command.

When a Seek, Step or Restore command is executed an

optional verification of Read-Write head position can be

performed by setting bit 2 (V = 1) in the command word to

a logic 1. The verification operation begins at the end of the

15 millisecond settling time after the head is loaded against

the media. The track number from the first encountered ID
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Field is compared against the contents of tiie Tracl<

Register. If tfie track numbers compare and the ID Field

Cyclic Redundancy Check (CRC) is correct, the verify

operation is complete and an INTRQ is generated with no

errors. If there is a match but not a valid CRC, the CRC error

status bit is set (Status bit 3), and the next encountered ID

field is read from the disk for the verification operation.

The WD279X must find an ID field with correct track

number and correct CRC within 5 revolutions of the media;

othenwise the seek error is set and an INTRQ is generated.

If V = 0, no verification is performed.

The Head Load (HLD) output controls the movement of the

read/write head against the media HLD is activated at the

beginning of a Type I command if the h flag is set (h = 1), at

the end of the Type I command if the verify flag (V = 1), or

upon receipt of any Type II or III command. Once HLD is

active it remains active until either a Type I command is

received with (h = and V = 0); or if the 279X is in an idle

state (non-busy) and 15 index pulses have occurred.

Head Load timing (HLT) is an input to the 279X which is

used for the head engage time. When HLT = 1, the 279X

assumes the head is completely engaged. The head

engage time is typically 30 to 100 ms depending on drive.

The low to high transition on HLD is typically used to fire a

one shot. The output of the one shot is then used for HLT

and supplied as an input to the 279X.

HEAD LOAD TIMING

When both HLD and HLT are true, the 279X will then read

from or write to the media The "and" of HLD and HLT ap-

pears as status Bit 5 in Type I status.

In summary for the Type I commands: if h = and V = 0,

HLD is reset. If h = 1 and V = 0, HLD is set at the

beginning of the command and HLT is not sampled nor is

there an internal 15 ms delay If h = and V = 1, HLD is set

near the end of the command, an internal 15 ms occurs,

and the 279X waits for HLT to be true. If h = 1 and V = 1,

HLD is set at the beginning of the command. Near the end

of the command, after all the steps have t»een issued, an

internal 15 ms delay occurs and the 279X then waits for HLT

to occur.

For Type II and III commands with E flag off, HLD is made

active and HLT is sampled until true. With E flag on, HLD is

made active, an internal 15 ms delay occurs and then HLT is

sampled until true.

RESTORE (SEEK TRACK 0)

Upon receipt of th is command the Track 00 (TROO) input is

sampled. If TROO is active low indicating the Read-Write

head is positioned over track 0, the Track Register is loaded

with zeroes and an intermpt is generated. If TROO is not

active low, stepping pulses at a rate specified by the n^O

field are issued until the TROO input is activated. At this

time the Track Register is loaded with zeroes and an in-

terrupt is generated. If the TROO input does not go active

low after 255 stepping pulses, the 279X terminates

operation, interrupts, and sets the Seek error status bit. A
verification operation takes place if the V flag is set. The h

bit allows the head to be loaded at the start of command.
Note that the Restore command is executed when MR
goes from an active to an inactive state.

SEEK

This command assumes that the Track Register contains

the track number of the current position of the Read-Write

head and the Data Register contains the desired track

number The WD279X will update the Track register and

issue stepping pulses in the appropriate direction until the

O
lO
•>!

X
6
lO

RESET HLD

YES SET
DIRECTION

> ^ES RESET
DIRECTION

YES

>

NO :. RESTORE

I

^̂ ^
TYPE i COMMAND FLOW
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RESET DIBECTION

^

SET DIRECTION

TYPE I COMMAND FLOW

contents of the Track register are equal to the contents of

the Data Register (the desired track location). A verification

operation takes place if the V flag is on. The h bit allows the

head to be loaded at the start of the command. An interrupt

is generated at the completion of the command. Note:

When using multiple drives, the track register must be

updated for the drive selected before seeks are issued.

STEP
Upon receipt of this command, the 279X issues one

stepping pulse to the disk drive. The stepping motor

direction is the same as in the previous step command.

After a delay determined by the '^VO field, a verification

takes place if the V flag is on. If the T flag is on, the Track

Register is updated. The h bit allows the head to be loaded

at the start of the command. An interrupt is generated at

the completion of the command.

STEP-IN

Upon receipt of this command, the 279X issues one

stepping pulse in the direction towards track 76. If the T
flag is on, the Track Register is incremented by one. After a

VERIFY
SEQUENCE

NTRQ RESET BUSY

9

jsv\

TYPE I COMMAND FLOW

delay determined by the ""iro field, a verification takes place

if the V flag is on. The h bit allows the head to be loaded at

the start of the command. An interrupt is generated at the

completion of the command.

STEP-OUT
Upon receipt of this command, the 279X issues one

stepping pulse in the direction towards track 0. If the T flag

is on, the Track Register is decremented by one. After a

delay determined by the H ro field, a verification takes place

if the V flag is on. The h bit allows the head to be loaded at

the start of the command. An interrupt is generated at the

completion of the command.

EXCEPTIONS
On the 2795/7 devices, the BSD output is not affected

during Type I commands, and an internal side compare

does not take place when the (V) Verify Flag is on.

TYPE II COMMANDS
The Type II Commands are the Read Sector and Write

Sector commands. Prior to loading the Type II Command
into the Command Register, the computer must load the
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Sector Register with the desired sector number. Upon

receipt of the Type II command, the busy status Bit is set. If

the E flag = 1 (this is the normal case) HLD is made active

and HLT is sampled after a 15 msec delay If the E flag is 0,

the head is loaded and HLT sampled with no 15 msec delay

When an ID field is located on the disk, the 279X compares

the Track Number on the ID field with the Track Register. If

there is not a match, the next encountered ID field is read

and a comparison is again made. If there was a match, the

Sector Number of the ID field is compared with the Sector

Register. If there is not a Sector match, the next en-

countered ID field is read off the disk and comparisons

again made. If the ID field CRC is con-ect, the data field is

then located and will be either written into, or read from

SET BUSY RESET DHQ. LOST
DATA. RECORD NOT FOUND, i

STATUS BITS 5 » 6 INTRO

G

pNTRQ. RESET BUSvA
I SET WRITE PROTECT J

jnd/

BRING IN SECTOR LENGTH FIELD

STORE LENGTH IN INTERNAL
REGISTER

TYPE II COMMAND

TYPE II COMMAND
depending upon the command. The 279X must find an ID

field with a Track number, Sector number, side number, and

CRC within 5 revolutions of the disk; otherwise, the Record

not found status bit is set (Status bit 4) and the command is

terminated with an interrupt.

Each of the Type II Commands contains an (m) flag which

determines if multiple records (sectors) are to be read or

written, depending upon the command. If m = 0, a single

sector is read or written and an interrupt is generated at the

completion of the command. If m = 1, multiple records are

read or written with the sector register internally updated

so that an address verification can occur on the next

record. The 279X will continue to read or write multiple

records and update the sector register in numerical

ascending sequence until the sector register exceeds the

number of sectors on the track or until the Force Interrupt

command is loaded into the Command Register, which

terminates the command and generates an inten-upt.

For example: If the 279X is instmcted to read sector 27 and

there are only 26 on the track, the sector register exceeds
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READ SECTOR
SEQUENCE

c J
I INTRO RESET BUSY 1

TYPE II COMMAND
the number available. The 279X will search for 5 disk

revolutions, interrupt out, reset busy, and set the record not

found status bit.

The Type 11 commands for 2791-93 also contain side select

compare flags. When C = (Bit 1) no side comparison is

made. When C = 1, the LSB of the side number is read off

the ID Field of the disk and compared with the contents of

the (S) flag (Bit 3). If the S flag compares with the side

number recorded in the ID field, the 279X continues with

the ID search. If a comparison is not made within 5 index

pulses, the interrupt line is made active and the Record-

Not-Found status bit is set.

The Type II and III commands for the 2795-97 contain a side

select flag (Bit 1). When U = 0, SSO is updated to 0.

Similarly, U = 1 updates SSO to 1. The chip compares the

SSO to the ID field. If they do not compare within 5

revolutions the interrupt line is made active and the RNF
status bit is set.

The 2795/7 READ SECTOR and WRITE SECTOR com-

WRITE SECTOR
SEQUENCE

(NTRO RESET BUSY ^
SET LOST DATA J

DELAY 1 BYTE OF GAP

DELAY 11 BYTES

WRITE DATA AM
ACCORDING TO AO FIELD
OF WRITE COMMAND

DR TO DSR SET DRO

WRITE BYTE TO DISK

SET DATA
LOST

WRITE BYTE
OF ZEROS

Q

WRITE 1 BYTE OF FF

TURN OFF WG

TYPE II COMMAND
mands include a 'U flag. The 'U flag, in conjunction with

the sector length byte of the ID Field, allows different byte

lengths to be implemented in each sector. For IBM com-
patibility, the 'L' flag should be set to a one.

READ SECTOR

Upon receipt of the Read Sector command, the head is

loaded, the Busy status bit set, and when an ID field is

encountered that has the correct track number, correct

sector number, correct side number, and correct CRC, the

data field is presented to the computer The Data Address
f^ark of the data field must be found within 30 bytes in

single density and 43 bytes in double density of the last ID

field CRC byte; if not, the ID field search is repeated.

When the first character or byte of the data field has been

shifted through the DSR, it is transferred to the DR, and

DRQ is "snerated. When the next b"te is accumulated in

the DSR, it is transferred to the DR and another DRQ is

generated. If the Computer has not read the previous

contents of the DR before a new character is transfen-ed
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that character is lost and the Lost Data Status bit is set.

This sequence continues until the complete data field has

been inputted to the computer. If there is a CRC error at the

end of the data field, the CRC error status bit is set, and the

command is terminated (even if it is a multiple sector

command).

At the end of the Read operation, the type of Data Address

IVIark encountered in the data field is recorded in the Status

Register (Bit 5) as shown:

STATUS
BITS

1 Deleted Data Mark

Data Mark

WRITE SECTOR

Upon receipt of the Write Sector command, the head is

loaded (HLD active) and the Busy status bit is set. When an

ID field is encountered that has the correct track number,

correct sector number, correct side number, and correct

CRC, a DRQ is generated. The 279X counts off 11 bytes in

single density and 22 bytes in double density from the CRC
field and the Write Gate (WG) output is made active if the

DRQ is serviced (i.e., the DR has been loaded by the

computer). If DRQ has not been serviced, the command is

terminated and the Lost Data status bit is set. If the DRQ
has been serviced, the WG is made active and six bytes of

zeroes in single density and 12 bytes in double density are

then written on the disk. At this time the Data Address

Mark is then written on the disk as determined by the ^0

field of the command as shown below:

ao Data Address Mark (Bit 0)

Deleted Data Mark

Data Mark

The 279X then writes the data field and generates DRQ's to

the computer. If the DRQ is not serviced in time for con-

tinuous writing the Lost Data Status Bit is set and a byte of

zeroes is written on the disk. The command is not ter-

minated. After the last data byte has been written on the

disk, the two-byte CRC is computed internally and written

on the disk followed by one bye of FE in FM or in MFM. The

WG output is then deactivated. For a 2 MHz clock the

INTRO will set 8 to 12 ^isec after the last CRC byte is

written. For partial sector writing, the proper method is to

write the data and fill the balance with zeroes. By letting the

chip fill the zeroes, errors may be masked by the lost data

status and improper CRC Bytes.

TYPES III COMMANDS
READ ADDRESS
Upon receipt of the Read Address command, the head is

loaded and the Busy Status Bit is set. The next en-

countered ID field is then read in from the disk, and the six

data bytes of the ID field are assembled and transferred to

the DR, and a DRQ is generated for each byte. The six bytes

of the ID field are shown below:

TRACK
ADDR

SIDE

NUMBER
SECTOR
ADDRESS

SECTOR
LENGTH

CRC
1

CRC
2

1 2 3 4 5 6

G

NO /^HAS
y^ 15 MS

NO J^ IS

SET INTRO
LOST DATA
BESET BUSY •30 MS IF CLOCK

o
-^
CO
X
o

Although the CRC characters are transferred to the

TYPE III COMMAND WRITE TRACK
computer, the 279X checks for validity and the CRC error

status bit is set if there is a CRC error. The Track Address of

the ID field is written into the sector register so that a

comparison can be made by the host. At the end of the

operation an interrupt is generated and the Busy Status is

reset.

READ TRACK
Upon receipt of the READ track command, the head is

loaded, and the Busy Status bit is set. Reading starts with

the leading edge of the first encountered index pulse and

continues until the next index pulse. All Gap, Header, and

data bytes are assembled and transferred to the data

register and DRQ's are generated for each byte. The ac-
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(INTRO RESET BUSY

y^ DOES ^^ YES wniTE 2 CRC
CHARS ,

Jno

WRITE DSH

TYPE III COMMAND WRITE TRACK

cumulation of bytes is synchronized to eacli address marl<

encountered. An interrupt is generated at tiie completion of

tlie command.

Tliis command has several characteristics which make it

suitable for diagnostic purposes. They are: no CRC
checking is performed; gap information is included in the

data stream; the internal side compare is not performed;

and the address mark detector is on for the duration of the

command. Because the A.M. detector is always on, write

splices or noise may cause the chip to look for an A.M. If an

address mark does not appear on schedule with the Lost

Data status flag being set.

The ID A.M., ID field, ID CRC bytes, DAM, Data and Data

CRC Bytes for each sector will be correct. The Gap Bytes

may be read incorrectly during write-splice time because of

synchronization.

WRITE TRACK FORMATTING THE DISK

(Refer to section on Type III commands for flow diagrams.)

Formatting the disk is a relatively simple task when operat-

ing programmed I/O or when operating under DMA with a

large amount of memory. Data and gap information must be

provided at the computer interface. Formatting the disk is

accomplished by positioning the R/W head over the de-

"srred~frack hu"irilBer aii^^^^ corinrnand.

Upon receipt of the Write Track command, the head is

loaded and the Busy Status bit is set. Writing starts with

the leading edge of the first encountered index pulse and

continues until the next index pulse, at which time the

inten-upt is activated. The Data Request is activated im-

mediately upon receiving the command, but writing will not

start until after the first byte has been loaded into the Data

Register. If the DR has not been loaded by the time the

index pulse is encountered the operation is terminated

making the device Not Busy, the Lost Data Status Bit is set,

and the interrupt is activated. If a byte is not present in the

DR when needed, a byte of zeroes is substituted.

This sequence continues from one index mark to the next

index mark. Normally, whatever data pattern appears in the

data register is written on the disk with a normal clock

pattern. However, if the 279X detects a data pattern of F5

thai FE in the data register, this is interpreted as data ad-

dress marks with missing clocks or CRC generation.

The CRC generator is initialized when any data byte from

F8 to FE is about to be transferred from the DR to the DSR

CONTROL BYTES FOR INITIALIZATION

DATA PATTERN
INDR(HEX)

WD279X INTERPRETATION WD279X INTERPRETATION
IN FM (DDEN = 1) IN MFM (DDEN = 0)

00 thru F4 Write 00 thru F4 with CLK = FF Write00thruF4,inMFM

F5 Not Allowed Write A1 * in MFM, Preset CRC
F6 Not Allowed Write C2** in MFM
F7 Generate 2 CRC bytes Generate 2 CRC bytes

F8 thru FB Write F8 thru FB, Clk = C7, Preset CRC Write FB thru FB, in MFM
FC WriteFCwithClk= D7 Write FC in MFM
FD Write FD with Clk = FF Write FD in MFM
FE Write FE, Cik = C7, Preset CRC Write FE in MFM
FF Write FF with Clk = FF Write FF in MFM

' Missing clock transition between bits 4 and 5 ' Missing clock transition between bits 3 and 4
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or by receipt of F5 in MFIVI. An F7 pattern will generate two

CRC characters in FM or MFIVI. As a consequence, tlie

patterns F5 thru FE must not appear in the gaps, data

fields, or ID fields. Also, CRC's must be generated by an F7

pattern.

Disks may be formatted in IBM 3740 or System 34 formats

with sector lengths of 128, 256, 512, or 1024 bytes.

TYPE IV COMMANDS
The Forced Interrupt command is generally used to ter-

minate a multiple sector read or write command or to in-

sure Type I status in the status register. This command can

be loaded into the command register at any time. If there is

a current command under execution (busy status bit set)

the command will be terminated and the busy status bit

reset.

The lower four bits of the command determine the condi-

tional interrupt as follows:

'O = Not-Ready to Ready Transition

h = Ready to Not-Ready Transition

'2 = Every Index Pulse

I3 = Immediate Interrupt

The conditional internjpt is enabled when the correspond-

ing bit positions of the command ('3 - 'O) are set to a 1.

Then, when the condition for interrupt is met, the INTRQ
line will go high signifying that the condition specified has

occurred. If '3 - 'O are all set to zero (HEX DO), no interrupt

will occur but any command presently under execution will

be immediately terminated. When using the immediate

O
10

CO
X
o
10

C J
SET BUSY

RESET STATUS
errs 2. «. 5

J

COPY S FLAG
TOSSOLINE
(2795,7 ONLY)

DELAY 1 SMS

)

TYPE III COMMAND
Read Track/Address
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interrupt condition I3 = 1), an interrupt will be immediately

generated and the current command terminated. Reading
the status or writing to the command register will not auto-

matically clear the interrupt. The HEX DO is the only com-
mand that will enable the immediate interrupt (HEX D8) to

clear on a subsequent load command register or read sta-

tus register operation. Follow a HEX D8 with DO command.

Wait 8 micro sec (double density) or 16 micro sec (single

density) before issuing a new command after issuing a

forced interrupt (times double when clock = 1 MHz).

Loading a new command sooner than this will nullify the

forced interrupt.

Forced interrupt stops any command at the end of an in-

ternal micro-instnjction and generates INTRQ when the

specified condition is met. Forced interrupt will wait until

ALU operations in progress are complete (CRC
calculations, compares, etc.)

More than one condition may be set at a time. If for

example, the READY TO NOT-READY condition (I1 = 1)

and the Every Index Pulse ('2 = 1) are both set, the

resultant command would be HEX "DA." The "OR" func-

tion is performed so that either a READY TO NOT-READY
or the next Index Pulse will cause an interrupt condition.

I
READ ADDRESS
SEQUENCE

<^ INOEXHOlfS ^>.
EE Z' RESET BUSY >
—tJ SETKTRQ )

V SETRNF y

'1

UTODSR

i

1

SETDRO

*J^

T̂RANSFER TRACK
NlflWER TO SECTOR

^K/-C\ .s,
ERROR BrT

1^ 1

T

I RESET BUSY

VPE ill COMM
=lead Track/Ad

)

AND
dress

STATUS REGISTER

Upon receipt of any command, except the Force Interrupt

command, the Busy Status bit is set and the rest of the

status bits are updated or cleared for the new command. If

the Force Interrupt Command is received when there is a

current command under execution, the Busy status bit is

reset, and the rest of the status bits are unchanged. If the

Force Interrupt command is received when there is not a

cun-ent command under execution, the Busy Status bit is

reset and the rest of the status bits are updated or cleared.

In this case. Status reflects the Type I commands.

The user has the option of reading the status register

through program control or using the DRQ line with DMA or

interrupt methods. When the Data register is read the DRQ
bit in the status register and the DRQ line are automatically

reset. A write to the Data register also causes both DRQ's

to reset.

The busy bit in the status may be monitored with a user

program to determine when a command is complete, in lieu

of using the INTRQ line. When using the INTRQ, a busy

status check is not recommended because a read of the

status register to determine the condition of busy will reset

the INTRQ line.

Ttie format of theStatusftegistensshown betovK

(BITS)

7 5 5 4 3 2 1

S7 S6 S5 S4 S3 S2 S1 so

status varies according to the type of command executed

as shown in Table 4.

Because of internal sync cycles, certain time delays must

be observed when operating under programmed I/O. They

are: (times double when clock = 1 MHz)

Operation Next Operation

Delay Req'd.

FM 1 MFM

Write to

Command Reg.

Read Busy Bit

(Status Bit 0)

^2^is
1 6ms

Write to

Command Reg.

Read Status

Bits 1-7

28^s I 14)iS

Write Any
Register

Read From Diff.

Register

]

IBM 3740 FORMAT - 128 BYTES/SECTOR

Shown below is the IBM single-density format with 128

bytes/sector. In order to format a diskette, the user must

ioouc II ic vviiio naC/K ouiiiiiiaiEu, cat tu t\ja.U uiQ uciia ic^ioit^i

with the following values. For every byte to be written, there

is one Data Request.
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NUMBER HEX VALUE OF
OF BYTES BYTE WRITTEN

40 FF (or 00)3

6 00

1 FC (Index Mark)

1 26 FF(or00)

6 00

1 FE (ID Address Mark)

1 Track Number
1 Side Number (00 or 01)

1 Sector Number (1 thru 1 A)

1 00 (Sector Length)

1 F7 (2 CRC's written)

11 FF(orOO)

6 00

1 FB (Data Address Mark)

128 Data (IBM uses E5)

1 F7 (2 CRC's written)

27 FF(orOO)

2472 FF(orOO)

issue the Write Track command and load the data register

with the following values. For every byte to be written, there

is one data request.

1

.

Write bracketed field 26 times

2. Continue writing until 279X interrupts out.

Approx. 247 bytes.

3. A '00' option is allowed.

IBM SYSTEM 34 FORMAT-
256 BYTES/SECTOR

Shown below is the IBM dual-density format with 256

bytes/sector In order for format a diskette the user must

NUMBER HEX VALUE OF
OF BYTES BYTE WRITTEN

80 4E

12 00

3

1

* 50

12

F6 (Writes C2)

FC (Index Mark)

4E

00

3

1

1

1

1

1

1

22

F5 (Writes A1)

FE (ID Address Mark)

Track Number (0 thru 4C)

Side Number (0 or 1)

Sector Number (1 thru 1A)

01 (Sector Length)

F7 (2 CRCs written)

4E

12 00

3

1

256

F5 (Writes A1)

FB (Data Address Mark)

DATA

1

54
598**

F7 (2 CRCs written)

4E

4E

a
to

<o
X
o

* Write bracketed field 26 times
** Continue writing until 279X interrupts out.

Approx. 598 bytes.

IBM TRACK FORMAT
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1. NON-IBM FORMATS

Variations in the IBIV! formats are possible to a limited ex-

tent if the following requirements are met:

1) Sector size must be 128, 256, 512 of 1024 bytes.

2) Gap 2 cannot be varied from the IBM format.

3) 3 bytes of A1 must be used in MFM.

In addition, the Index Address Mark is not required for

operation by the 279X. Gap 1, 3, and 4 lengths can be as

short as 2 bytes for 279X operation, however PLL lock up

time, motor speed variation, write splice area, etc. will add

more bytes to each gap to achieve proper operation. It is

recommended that the IBM format be used for highest

system reliability.

FM MFM

Gapl 16 bytes FF 32 bytes 4E

Gap II 11 bytes FF 22 bytes 4E
*

6 bytes 00 12 bytes 00
*

3 bytes A1

Gap III** 10 bytes FF 24 bytes 4E
4 bytes 00 8 bytes 00

3 bytes A1

Gap IV 16 bytes FF 16 bytes 4E

' Byte counts must be exact.

' Byte counts are minimum, except exactly 3 bytes of A1

must be written.

ELECTRICAL CHARACTERISTICS

Absolute Maximum Ratings

Voltage to any input with

respect to Vss = + 7 to - 0.5V

Operating temperature = 0°Gto70°C
Storage temperature = -55°Cto -i-125°C

NOTE: Maximum limits indicate where permanent device

damage occurs. Continuous operation at these limits is not

intended and should be limited to those conditions

specified in the DC Electrical characteristics.

OPERATING CHARACTERISTICS (PC)

Ta = 0°Cto70°C,Vss = OV.VCC = + 5V ± .25V

SYMBOL CHARACTERISTIC MIN. TYP. MAX. UNITS CONDITIONS

l|L Input Leakage 10 mA VjN = Vcc

lOL Output Leakage 10 mA VOUT = Vqc
VjH Input High Voltage 2.0 V

V|L Input Low Voltage 0.8 V

VOH Output High Voltage 2.4 V lO = - 100mA

Vol Output Low Voltage 0.45 V lO = 1.6 mA
VOHP Output High PUMP 2.2 V lOP = -1.0 mA
VOLP Output Low PUMP 0.2 V Iqp = -1- 1.0 mA
pd Power Dissipation .75 w All Outputs Open

Rpu Internal Pull-up* 100 1700 mA V|N = OV

IQC Supply Cun-ent 70 150 mA All Outputs Open

* Internal Pull-up resistors on PINS 1, 17, 19, 22, 36, 37 and 40. Also pin 25 on 2791 and 3.
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TIMING CHARACTERISTICS

Ta = 0Xto70°C,VsS = OV.VCC = +5V ± .25V

READ ENABLE TIMING

SYMBOL

TSET
Thld
Tre
tdrr
T|RR

tdacc
tdoh

CHARACTERISTIC

Setup ADDR & OS to RE_
Hold ADDR & CS from RE
RE Pulse Width _
DRQ Reset from RE_
INTRQ Reset fro_m RE
DataValidfromRE

Data Hold From RE

MIN.

50

10

200

20

TYP.

100

500

100

MAX.

200

3000

200

150

UNITS

nsec

nsec

nsec

nsec

nsec

nsec

nsec

CONDITIONS

CL = 50 pf

See Note

Cl = 50 pf

Cl = 50 pf

lO
>J
CDX
o

WRITE ENABLE TIMING

SYMBOL

TSET
Thld
TWE
Tdrr
T|RR

tds
Tdh

CHARACTERISTIC

Setup ADDR & CS to WE
Hold ADDR &CS from WE
WE Pulse Width

DRQ Reset from WE
INTRQ Reset from WE
Data Setup toWE
Data Hold from WE

MIN.

50

10

200

150

50

TYP.

100

500

MAX.

200

3000

UNITS

nsec

nsec

nsec

nsec

nsec

nsec

nsec

CONDITIONS

See Note

J

— K..««

1

^H .... —
1

—
Thld

1—

-« Tbe m.

n

TSET—
^DACC [-m-

DATA
IvALiu 1

-m~ roOH—

1
Fvot

t SERVICE (WORST CASE!
FM 27 5uS
UFM 13 5uS

DHQ RISING EDGE- INDICATES THAT THE DATA REGISTER HAS ASSEMBLED
DATA

DRQ FALLING EDGE. INDICATES THAT THE DATA REGISTER WAS READ

INTRO RISING EDGE: OCCURS AT END OF COMMAND

INTRQ FALLING EDGE: INDICATES THAT THE STATUS REGISTER WAS HEAD

_r
t- 1

J VOL

-O

I-

-k
NOTE 1 CS MAV BE PERMANENTLY TIED LOW II

t SERVICE (WORST CASE
WHEN WRITING INTO THE COMMAND REGISTER STATUS
IS NOT VALID UNTIL SOME 28 J.SEC IN FM. 14 uSEC IN MFM
LATER THESE TIMES ARE DOUBLED WHEN CLK = 1 MHz

•TIME DOUBLES WHEN CLOCK -- 1MHz

DRQ RISING EDGE: INDICATES THAT THE DATA REGISTER IS EMPTY

DRQ FALLING EDGE: INDICATES THAT THE DATA REGISTER IS LOADED
INTRQ RISING EDGE: INDICATE THE END OF A COMMAND
INTRO FALLING EDGE: INDICATES THAT THE COMMAND REGISTER

IS WRITTEN TO

READ ENABLE TIMING WRITE ENABLE TIMING
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INPUT DATA TIMING

a
>!
COX
o

SYMBOL CHARACTERISTIC MIN. TYP. MAX. UNITS CONDITIONS

Tpw
tbc

Raw Read Pulse Width

Raw Read Cycle Time
100

1500

200

2000

nsec

nsec

WRITE DATA TIMING: (ALL TIMES DOUBLE WHEN CLK = 1 MHz) (NO WRITE PRECOMPENSATION)

SYMBOL CHARACTERISTIC MIN. TYP MAX. UNITS CONDITIONS

TwP Write Data Pulse Width 400 500 600 nsec FM
200 250 300 nsec MFM

Two Write Gate to Write Data 2

1

^isec

^isec

FM
MFM

TWF Write Gate off from WD 2

1

fisec

f/sec

FM
MFM

MISCELLANEOUS TIMING:

SYMBOL CHARACTERISTIC MIN. TYP. MAX. UNITS CONDITIONS

TCDi Clock Duty (low) 230 250 20000 nsec

"rcD2 Clock Duty (high) 230 250 20000 nsec

TSTP Step Pulse Output 2or4 /isec See Note

tdir Dir Setup to Step 12 usee ± CLK ERROR
tmr Master Reset Pulse Width 50 tisec

Tip Index Pulse Width 10 fisec See Note
RPW Read Window PuJse Width Input 0-&V

120 700 nsec MFM
240 1400 nsec FM ± 15%

Precomp Adjust. 100 300 nsec MFM
WPW Write Data Pulse Width Precomp = 100 nsec

200 300 400 nsec MFM
WPW Write Data Pulse Width Precomp = 300 nsec

600 900 1200 nsec MFM
VCO Free Run Voltage Controlled 6.0 MHz Cext =

Oscillator Adjustable by ext. 4.0 MHz Cext = 35 pf

capacitor on Pin 26

Pump Up + 25% 5.0 MHz PU = 2.2V

VCO Cext = 35 pf

Pump Down - 25% 3.0 MHz PD = 0.2V

Cext = 35 pf

VCO 5% Change Vqc 3.8 4.2 MHz Cext = 35 pf

Ta = 75°C 3.5 MHz Cext = 35 pf

Cext Adjustable external capacitor 20 45 100 Pf VCO = 4.0MHz
nom

RCLK Derived read clock

= VCO -r 8, 16, 32

500 KHz

VCO = 4.0MHz

DDEN =
5/8 = 1

250 KHz DDEN =
5/8 =

250 KHz DDEN = 1

5/8 = 1

125 KHz DDEN = 1

5/8 =
PU/DON PU/PD time on 250 ns MFM

(pulse width) 500 ns FM
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NOTES:

1. Times double when clock = 1 MHz.

2. Output tinning readings are at Vql = 0-8v and Vqh
2.0V.
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WD ;
1

1

—»; i-*-TwF
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o
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X
o
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WRITE DATA TIMING

[* Tbc ]

READ
DATA

READ DATA TIMING

Table 4. STATUS REGISTER SUMMARY

ALL TYPE 1 READ READ READ WRITE WRITE

BIT COMMANDS ADDRESS SECTOR TRACK SECTOR TRACK

87 NOT READY NOT READY NOT READY NOT READY NOT READY NOT READY

86 WRITE
PROTECT

WRITE
PROTECT

WRITE
PROTECT

85 HEAD LOADED RECORD TYPE

84 SEEK ERROR RNF RNF RNF

S3 CRC ERROR CRC ERROR CRC ERROR CRC ERROR

82 TRACK LOST DATA LOST DATA LOST DATA LOST DATA LOST DATA

81 INDEX PULSE DRQ DRQ DRQ DRQ DRQ

SO BUSY BUSY BUSY BUSY BUSY BUSY

STATUS FOR TYPE I COMMANDS

BIT NAME

S7 NOT READY

S6 PROTECTED

85 HEAD LOADED

84 SEEK ERROR

S3 CRC ERROR

82 TRACK 00

81 INDEX

SO BUSY

MEANING

This bit when set indicates the drive is not ready. When reset it indicates that the drive is ready.

This bit is an inverted copy of the Ready input and logically 'ored' with MR.

When set, indicates Write Protect is activated. This bit is an inverted copy of WRPT input.

When set, it indicates the head is loaded and engaged. This bit is a logical "and" of HLDand HLT

signals. ^
When set, the desired track was not verified. This bit is reset to when updated.

CRC encountered in ID field.

When set, indicates Read/Write head is positioned to Track 0. This bit is an inverted copy of the

TROO input __^___^^
When set, indicates index mark detected from drive. This bit is an inverted copy of the IP input.

When set command is in progress. When reset no command is in progress.
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STATUS FOR TYPE II AND III COMMANDS

BIT NAME MEANING

87 NOT READY This bit when set indicates the drive is not ready. When reset, it indicates that the drive is ready.

This bit is an inverted copy of the Ready input and 'ored' with IVIR. The Type II and III Commands
will not execute unless the drive is ready

86 WRITE PROTECT On Read Record: Not Used. On Read Track: Not Used. On any Write: It indicates a Write Protect.

This bit is reset when updated.

85 RECORD TYPE On Read Record: It indicates the record-type code from data field address mark. 1 = Deleted
Data Mark. = Data Mark. On any Write: Forced to a Zero.

84 RECORD NOT
FOUND (RNF)

When set, it indicates that the desired track, sector, or side were not found. This bit is reset when
updated.

S3 CRC ERROR If S4 is set, an error is found in one or more ID fields; otherwise it indicates en-or in data field. This
bit is reset when updated.

82 LOST DATA When set, it indicates the computer did not respond to DRQ in one byte time. This bit is reset to

zero when updated.

81 DATA REQUEST This bit is a copy of the DRQ output. When set, it indicates the DR is full on a Read Operation or

the DR is empty on a Write operation. This bit is reset to zero when updated.

SO BUSY When set, command is under execution. When reset, no command is under execution.

SUMMARY OF ADJUSTMENT PROCEDURE

WRITE PRECOMPENSATION

1) Set TE^Pin 22) to a logic high.

2) Strobe MR (Pin 19).

3) Set TEST (Pin 22) to a logic low.

4) Observe pulse width on WD (Pin 31).

5) AdjustWPW (Pin 33) for desired pulse width (Precomp Value).

6) Set TEST (Pin 22) to a logic high.

DATA SEPARATOR

1)

2)

3)

4

5)

6)

7)

8)

Set TEST(Pin 22) to a logic high.

Strobe MR (Pin 19). Insure that 5/8, and DDEN are set properly

Set TEST (Pin 22) to a logic low.

Observe Pulse Width on TG43 (Pin 29).

Adjust RPW (Pin 18) for 1/8 of the read clock (250ns for 8" DD, 500ns for 5^/4 " DD, etc.).

Observe Frequency on DIRC (Pin 16).

Adjust variable capacitor on VCO pin for Data Rate (500 KHz for 8" DD, 250 KHz for5V4 " DD, etc.).

Set TEST (Pin 22) to a logic high.

NOTE: To maintain internal VCO operation, insure that TEST = 1 whenever a master reset pulse is applied.
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WESTERN DIGITALCORPORAT/ON
WD279X-02 Floppy Disk Formatter/Controller

Family Application Notes

INTRODUCTION

In an effort to simplify Floppy Disl^ette interfacing,

Western Digital has been constantly improving tlie

LSI Controller/Formatter, the most recent of which is

the WD279X Family of LSI controller devices, incor-

porating advanced technology to include controller.

Write Precompensation and Analog Phase Locl< Loop

in a single 40 pin dual-in-line package. With this

package we can now offer the designer the simplest

ever interfacing option.

The family consists of four members, WD2791,

WD2793, WD2795 and WD2797 WD2791 and WD2793
offer internal clock divide in true and inverted data

bus. The WD2795 and WD2797 offer internal side se-

lect. The family supports both SVa" and 8" Diskette

Drives and both single and double density

HOST INTERFACING

The LSI Diskette Controller has been developed to

ease the interfacing of Processor to Disk Device. The

Host interfacing with WD279X Family is accom-

plished with minimum external devices via an 8 bit Bi-

directional bus, read/write controls, register select

lines and optional control line for chip select, 5y4 " or

8" select, enable mini floppy double density enable.

The basic operation at the controller is accomplished

by selecting the device via (CS) chip select line, en-

abling selection of one of the five internal registers

(Figure 1).

A1 AO READ (RE) WRITE (WE)

Status Register Command Register

1 Track Register Track Register

1 Sector Register Sector Register

1 1 Data Register Data Register

Figure 1.

Each time a command is issued to the WD279X, the

busy bit is set and INTRQ (Interrupt Request) line is

reset. The user has the option of testing for the busy

bit or polling INTRQ to determine if command has

been completed.

The busy bit will be reset whenever the WD279X is

idle and awaiting a new command. The INTRQ line

once set, can only be reset by reading of the status

register or issuing a new command.

The Ao, A-| Lines used for register selections can be

configured at the CPU in a variety of ways. These

lines may actually tie to CPU addressed like RAM.
They may also be used under Program Control by ty-

ing to a port device such as the 8255, 6250, etc. As a

diagnostic tool when checking out the CPU interface,

the Track and Sector registers should respond like

"RAM" when the WD279X is idle (Busy = INTRQ = 0).

Because of internal synchronization cycles, certain

time delays must be introduced when operating un-

der Programmed I/O. The worst case delays are:

OPERATION
NEXT

OPERATION
DELAY REQ'D.
FM ; MFM

Write to

Command Reg.

Read Busy Bit

(Status Bit 0)

12hS 6|Lts

Write to

Command Reg.

Read Status

Bits 1-7

28mS 14/iS

Write Any
Register

Read From Diff.

Register

Other CPU interface lines are CLK, MR and DDEN.
The CLK line should be 2 MHz (8" drive) or 1 MHz
(51/4 " drive) with 50% duty cycle. Accuracy should be

-1-1% (crystal source) since all internal timing, in-

cluding stepping rates, are based upon this clock, or

a sing le 2 MHz CLK on WD2791 and WD2793 since

ENMF line will internally divide CLK.

The MR or Master Reset Line should be strobed a

minimum of 50 microseconds upon each power-on

condition. This line clears and initalizes all internal

registers and issues a restore command (Hex '03') on

the rising edge. A quicker stepping rate can be writ-

ten to the command register after a MR, in which

case the remaining steps will occur at the faster pro-

grammed rate. The WD179X will issue a maximum of

255 stepping pulses in an attempt to expect the TROO

line to go active low. This line should be connected

to the drive's TROO sensor

The DDEN line causes selection of either single

density (DDEN = 1) or double density operation.

DDEN should not be switched during a read or write

operation.

The 5/8 Line selects interal VCO frequency to be

used with 5V4 " or 8" drives.

FLOPPY DISK INTERFACE

The Floppy Disk Interface can be divided into three

sections: Motor Control, Write Signals and Read Sig-

nals. All of these lines are capable of driving one TTL

load and not compatible for direct connection to the
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drive. Most drives require an open-col lector TTL inter-

^ face with high current drive capability. This must be
< done on all outputs from the WD279X. Inputs to theO WD279X may be buffered or tied to the Drives out-

->l puts, providing the appropriate resistor termination

^ networks are used. Undershoot should not exceed
?r -0.3 volts, while integrity of V|h and Vqh levels

^ should be kept within spec.

MOTOR CONTROL
Motor Control is accomplished by the STEP and
DIRC Lines. The STEP Line issues stepping pulses
with period defined by the rate field in all Type I com-
mands. The DIRC Line defines the direction of steps
(DIRC = 1 STEPIN/DIRC = STEP OUT).

Other Control Lines include the \P or Index Pulse.

This Line is tied to the drives' Index LE.D. sensor that

informs the WD279X that the stepper motor is at its

furthest position, over Track 00. The READY Line can
t>e used for a number of functions, such as sensing
"door open," Drive motor on, etc. Most drives provide

a programmable READY Signal selected by option
jumpers on the drive. The WD279X will look at the
ready signal prior to executing READ/WRITE com-
mands. READY is not inspected during any Type 1

commands. AH type 1 commands will executeregaTtf-

less of the Logic Level on this Line.

GENERAL DISK WRITE OPERATION

When writing is to take place on the diskette the

Write Gate (WG) output is activated, allowing current

to flow into the ReadAA/rite head. As a precaution to

erroneous writing the first data byte must be loaded
into the Data Register in response to a Data Request
from the WD279X before the Write Gate signal can be
activated.

Writing is inhibited when the Write Protect input is a
logic low, in which case any Write command is im-

mediately terminated, an interrupt is generated and
the Write Protect status bit is set.

RESTORE (SEEK TRACK 0)

Upon receipt of this command the Track 00 (TROO) in-

put is sampled. If TROO is active low indicating the

Read-Write head is positioned over track 0, the Track
Register is loaded with zeroes and an interrupt is gen-
erated. If TROO is not active low, stepping pulses (pins

15 to 16) at a rate specified by the ri ro field are issued
until the TROO input is activated. At this time the
Track Register is loaded with zeroes and an interrupt

is generated. If the TROO input does not go active low
after 255 stepping pulses, the WD279X terminated
operations, interrupts, and sets the Seek error status

bit. A verification operation takes place if the V flag is

set. The h bit allows the head to be loaded at the start

of command. Note that the Restore command is exe-

cuted when MR goes from an active to an inactive

state.

SEEK

This command assumes that the Track Register con-

tains the track number of the current position of the

Read-Write head and the Data Register contains the

desired track number. The WD279X will update the

Track register and issue stepping pulses in the appro-

priate direction until the contents of the Track reg-

ister are equal to the contents of the Data Register
(the desired track location). A verification operation

takes place if the V flag is on. The h bit allows the
head to be loaded at the start of the command. An in-

terrupt is generated at the completion of the com-
mand. Note: When using multiple drives, the track

register must be updated for the drive selected
before seeks are issued.

STEP

Upon receipt of this command, the WD279X issues
one stepping pulse to the disk drive. The stepping
motor direction is the same as in the previous step
command. After a delay determined by the riro field,

a verification takes place if the V flag is on. If the T
flag is on, the Track Register is updated. The h bit al-

lows the head to be loaded at the start of the com-
mand. An interrupt is generated at the completion of

thecommand.

STEP-IN

Upon receipt of this command, the WD279X issues
one stepping pulse in the direction towards track 0. If

the T flag is on, the Track Register is decremented by
one. After a delay determined by the t-\ ro field, a verifi-

cation takes place if the V flag is on. The h bit allows
the head to be loaded at the start of the command.
An interrupt is generated at the completion of the

command.

EXCEPTIONS

On the WD2795/7 devices, the SSO output is not af-

fected during Type I commands, and an internal side

compare does not take place when the (V) Verify Flag
is on.

For write operations, the WD279X provides Write
Gate (Pin 30) and Write Data (Pin 31) outputs. Write

data consists of a series of pulses set to a width ap-

proximately three times greater than the precomp ad-

justment. Write Data provides the unique address
marks in both formats.

READY

Whenever a Read or Write command (Type II or III) is

received the WD279X samples the Ready input. If this

input is logic low the command is not executed and
an interrupt is generated. All Type I commands are

performed regardless of the state of the Ready input.

Also, whenever a Type II or III command is received,

the TG43 signal output is updated. TG43 may be tied

to ENP to enable write DreGornnonsation on tracks
44-76. ~ '

'
''" "

'
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COMMAND DESCRIPTION

The WD279X will accept eleven commands. Com-

mand words should only be loaded in the Command
Register when the Busy status bit is off (Status bit 0).

The one exception is the Force interrupt command.

Whenever a command is being executed, the Busy

status bit is set. When a command is completed, and

interrupt is generated and the Busy status bit is reset.

The Status Register indicates whether the completed

command encountered an error or was fault free. For

ease of discussion, commands are divided into four

types. Command types are summarized in Table 1

and Table 2.

a
COX
o

Table 1. COMMAND SUMMARY

A. Commands for Models: 2791 , 2793 B. Commands for Models: 2795, 2797

Bits Bits

Type Command 7 6 5 4 3 2 1 7 6 5 4 3 2 1 u

1 Restore h V ri ro h V ri ro

1 Seek 1 h V n ro 1 h V '1 '0

1 Step 1 T h V n ro 1 T h V M '0

1 Step-in 1 T h V ri ro 1 T h V 11 'U

i Step-out 1 1 T h V n ro 1 1 T h V '1 10

II Read Sector m S E C u m L b U

11 Write Sector 1 m S E C ao 1 m L h U do

111 Read Address 1 E 1 b U

III Read Track 1 1 E 1 1 b U

111 Write Track 1 1 1 E 1 1 1 b U

IV Force Interrupt 1 h l3 l2 l1 lO 1 1 '3 l2 h lo
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Table 2. FLAG SUMMARY

D
CO
X
6
N3

Command
Type

Bit

No(s)

0,1

II & III

4

0-3

n ""O = Stepping Motor Rate

See Table 3 for Rate Summary

V = Tracl< Number Verify Flag

h = Head Load Flag

T = Track Update Flag

30 = Data Address Mark

C = Side Compare Flag

U = Update SSO

E = 15 MS Delay

S = Side Compare Flag

L = Sector Length Flag

m = Multiple Record Flag

Description

V = 0, No verify

V = 1, Verify on destination track

h = 0, Load head at beginning

h =2, Unload head at beginning

T = 0, No update

T = 1, Update track register

ao = 0, FB (DAM)
aO= 1,F8 (deleted DAM)

C = 0, Disable side compare
C = 1, Enable side compare

U = 0, Update SSO too

U = 1, Update SSO to 1

E = 0, No 15 MS delay

E = 1,1 5 MS delay (30 MS for 1MHz)

S = 0, Compare for side

S = 1, Compare for side 1

LSB's Sector Length in ID Field

00 01 10 11

L =0 256 512 1024 128

L = 1 128 256 512 1024

m = 0, Single record

m = 1, Multiple records

Ix

lO

ll

l2

l3

I3-I0

= Interrupt Condition Flags

= 1 Not Ready To Ready Transition

= 1 Ready To Not Ready Transition

= 1 Index Pulse

= 1 Immediate Interrupt, Requires A Reset*

= Terminate With No Interrupt (INTRO)

'NOTE: See Type IV Command Description for further information.

Information furnished by Western Digital Corporation is believed to be accurate and reliable. However, no responsibility Is assumed by Western Digital

Corporation for its use; nor for any infringements of patents or other rights of third parties which may result from its use. No license is granted by
implication or otherwise under any patent or patent rights of Western Digital Corporation. Western Digital Corporation reserves the right to change
specifications at anytime without notice.
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WESTERN DIGITALCORPORATION
WD1691 Floppy Support Logic (F.S.L)

FEATURES

DIRECT INTERFACE TO THE FD179X

ELIMINATES EXTERNAL FDC LOGIC

DATA SEPARATION/RCLK GENERATION

WRITE PRECOMPENSATION SIGNALS

VFOE/WF DEMULTIPLEXING

PROGRAMMABLE DENSITY

8" OR 5.25" DRIVE COMPATIBLE

ALL INPUTS AND OUTPUTS TTL COMPATIBLE

SINGLE +5V SUPPLY

GENERAL DESCRIPTION
The WD1691 F.S.L. has been designed to minimize the

external logic required to interface the 179X Family of Floppy

Disk Controllers to a drive. With the use of an external VCO,
the WD 1691 will generate the RCLK signal for the WD179X,
while providing an adjustment pulse (PUMP) to control the

VCO frequency. VFOE/WF de-multiplexing is also accom-

plished and Write Precompensation signals have been in-

cluded to interface directly with the WD2143 Clock Generator.

The WD1691 is implemented in N-MOS silicon gate

technology and is available in a plastic or ceramic 20 pin

dual-in-line package.

"s^y

WDIN \^ * 1

p( 2

STB I

WDOUT
\

wgCZ

VFOE/WF I

TG43i

vssi

WD1691

I VCC

I LATE

i EARLY

I VCO

1 DDEN

I PD

1 PU

"~1rclk

ZIrdd

VFOE
/WF

WG

EARLY

LATE

VFOE
DEMUX PRECOMP

LOGIC

LATCH
DECODE

-^ PD

TG43

^

-^ WDOUT

-> STB

Figure 1 WD1691 PIN DESIGNATION Figure 2 WD1 691 BLOCK DIAGRAIM
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PIN NAME SYMBOL FUNCTION

1 WRITE DATA
INPUT

WDIN Ties directly to the FD179X WD pin.

2, 3, 4, 19 PHASE
2,3, 1,4

^ to 5l 04 4 Phase inputs to generate a desired Write Precompensation

delay. These signals tie directly to the WD2143 Clock

Generator.

5 STROBE STB strobe output from the 1691. Strobe will latch at a high level

on the leading edge of WDIN and reset to a low level on the

leading edge of 04.

6 WRITE DATA
OUTPUT

WDOUT Serial, pre-compensated Write data stream to be sent to the

disk drive's WD line.

7

8

WRITE GATE

VFO ENABLE/
WRITE FAULT

WG Ties directly to the FD179X WG pin.

VFOE/WF Ties directly to the FD179X VFOE/WF pin.

9 TRACK 43 TG43 Ties directly to the FD179X TG43 pin, If Write Precompen-
sation is required on TRACKS 44-76.

10 Vss Vss Ground

11 READ DATA RDD Composite clock and data stream input from the drive.

12 READ CLOCK RCLK RCLK signal generated by the WD1691, to be tied to the
FD179X RCLK pin.

13 PUMP UP PU Tri-state output that will be forced high when the WD 1691
requires an increase in VCO frequency.

14

15

PUMP DOWN

Double Density

Enable

PD Tri-state output that will be forced low when the WD1691 re-

quired a decrease in VCO frequency.

Double Density Select input. When Inactive (High), the VCO
frequency is internally divided by two.

DDEN

16 Voltage

Controlled

Oscillator

VCO A nominal 4.0MHz (8" drive) or 2.0MHz (5.25" d.-ive) master
clock input.

17, 18 EARLY
LATE

EARLY
LATE

EARLY and LATE signals from the FD179X, used to deter-
mine Write Precompensation.

20 vcc Vcc + 5V ± 10% power supply

Table 1 PIN DEFINITIONS
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WG VFOE/WF RDD PU+PD

1 X X Hl-Z

1 X Hl-Z

1 Hl-Z

Enable

Figure 4 DATA RECOVERY LOGIC

D
CO

Figure 3 PUIVIP SIGNAL TIMING DIAGRAM

DEVICE DESCRIPTION

The WD1691 is divided into two sections:

1) Data Recovery Circuit

2) Write precompensation Circuit

The Data Separator or Recovery Circuit has four inputs:

DDEN, VCO, RDD, and VFOE/WF; and three outputs: PU,

PD and RCLK. The VFOE/WF input is used in conjunction

with the Write Gate signal to enable the Data recovery circuit.

When Write Gate is high, a write operation is taking place,

and the data recovery circuits are disabled, regardless of the

state on any other inputs.

The Write Precompensation circuit has been designed to

be used with the WD2 143-03 clock generator. When the

WD1691 is operated in a "single density only" mode, write

precompensation as well as the WD21 43-03 is not needed.

In this case,"^, 62,"^, M, and STB should be tied together.

DDEN left open, and TG43, WDIN, Early, and Late tied to

ground.

In the double-density mode (DDEN=0), the signals Early

and Late are used to select a phase input (d)1 - 64) on the

leading edge of WDIN. The STB line is latched high when

this occurs, causing the WD21 43-03 to start its pulse gen-

eration. '62 is used as the write data pulse on nominal

(Early=Late=(i!)),^ is used for early, and 63 is used for late.

The leading edge of '64 resets the STB line in anticipation

of the next write data pulse. When TG43=0 or DDEN = 1,

Precompensation is disabled and any transitions on the WDIN

line will appear on the WDout line. If write precompensation

is desired on all tracks, leave TG43 open (an internal pull-up

will force a Logic I) while DDEN=0.

The signals, DDEN, TG43, and RDD have internal pull-up

resistors and may be left open if a logic I is desired on any of

these lines.

When VFOE/WF and WRITE GATE are low, the data re-

coven/ circuit is enabled. When the RDD line goes Active

Low, the PU or PD signals will become active. See Figure

4. If the RDD line has made its transition in the beginning of

the RCLK window, PU will go from a Hl-Z state to a Logic

I, requesting an Increase in VCO frequency. If the RDD line

has made its transition at the end of the RCLK window, PU
will remain in a Hl-Z state while PD will go to a logic zero,

requesting a decrease in VCO frequency. When the leading

edge of RDD occurs in the center of the RCLK window, both

PU and PD will remain tri-stated, indicating that no adjust-

ment of the VCO frequency is needed. See Figure 3. The
RCLK signal is a divide-by-16 (DDEN = 1) or a divide-by-8

(DDEN=0) of the VCO frequency.

The minimum Voh level on PU is specified at 2.4V, sourc-

ing 200ua. During PUMP UP time, this output will go from a

tri-state to .4V minimum. By tying PU and PD together, a

PUMP signal is created that will be forced low for a decrease

in VCO frequency and forced high for an increase in VCO
frequency. To speed up rise times and stabilize the output

voltage, a resistor divider can be used to set the tristate level

to approximately 1 .4V. This yields a worst case swing of

± 1V; acceptable for most VCO chips with a linear voltage-

to-frequency characteristic.

Both PU and PD signals are affected by the width of the

RAW READ (RDD) pulse. The wider the RAW READ pulse,

the longer the PU or PD signal (depending upon the phase

relationship to RCLK) will remain active. If the RAW READ
pulse exceeds 250ns, (VCO = 4MHz, DDEN = 0) or 500ns.

(VCO = 2MHz, DDEN = 1 ), then both a PU and PD will occur

in the same window. This is undesirable and reduces the

accuracy of the external integrator or low-pass filter to con-

vert the PUMP signals into a slow moving D.C. correction

voltage.

Eventually, the PUMP signals will have corrected the VCO
input to exactly the same frequency multiple as the RAW
READ signal. The leading edge of the RAW READ pulse will

then occur in the exact center of the RCLK window, an ideal

condition for the FD179X internal recovery circuits.
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SPECIFICATIONS

ABSOLUTE MAXIMUM RATINGS
Ambient Temperature under Bias -25° to 70°C

Voltage on any pin with respect

to Ground (vss) -0.2 to +7V
Power Dissipation 1

W

DC ELECTRICAL CHARACTERISTICS

Ta = to 70°C; Vcc = 5.0V ± 10%; Vss = O^

Storage Temp.—Ceramic—65°C to +150°C

Plastic—55°C to +125°C

NOTE: IVIaximum limits indicate where permanent device

damage occurs. Continuous operation at these limits is not in-

tended and should be limited to those conditions specified in

the DC Electrical characteristics.

SYMBOL PARAMETER MIN TYP MAX UNIT TEST CONDITIONS

V|L Input Low Voltage -0.2 +0.8 V

V|H Input High Voltage 2.0 V

Vol Output Low Voltage +0.45 V l0L=3.2MA

VOH High Level Output Voltage 2.4 V l0H= -200^^3

Vcc Supply Voltage 4.5 5.0 5.5 V

•cc Supply Current 40 100 MA All outputs open

NOTE: For AC and functional testing purposes, a Logic '0' is measured at 0.8V, and a Logic '1' at 2.0V.

AC ELECTRICAL CHARACTERISTICS

Ta = 0° to 70°C; Vcc = 5V ± 10%; Vss = OV

SYMBOL PARAMETER MIN TYP MAX UNIT TEST CONDITIONS

FIN VCO Input Frequency .5

.5

4

2

6

6

MHz

MHz

DDEN=0

DDEN=1

Rpw RDD Pulse Width 100 200 ns.

We, EARLY (LATE) to WDIN 100 ns.

Pon

Wpi

PUMP UP/DN Time

WDIN to WDOUT

250

80

ns.

ns. DDEN=1

Inr Internal Pull-up Resistor 4.0 6.5 10 Kll

1

U— FIN

1

RCLK

1

-^1 1
*— Rpw

Figure 5 INTERNAL PULL-UP RESISTOR Figure 6 RDD AND RCLK PULSE DIAGRAMS
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Wei

WDIN

— 1-^ —
r~

1

»• •«— Wpw

EARLY

LATE _

m

At-
1

(i2

^r /U fV
r

-

STB

i \
^ u UF"

\ i -
\ \

WDOUT
n
NOM

n
EARLY LATE NOM

TG43 =

DDEN

= "1"

= "0"

TG43 = "0"

DDEN = "1"

Figure 7 WRITE DATA TIMING (MFM)

Wpw

WDIN

WDOUT
Wpi
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Figure 9 WD1691 to FD1771-01 INTERFACE

TYPICAL APPLICATIONS

Figure 9 illustrates the 1691 to FD1771-01 floppy disk con-

troller. The RCLK signal is used to gate the RAW data pulses

which are inverted by the 74LS04 inverter. Since RCLK will

be high during data and low during clock a 74LS08 is used

to switch the proper clock or data pulse to the FD1771

.

Shown in Figure 10 is a Phase-Lock Loop data separator

and the support logic for a single and double-density 8" drive.

The raw data (Both clock and data bits) are fed to the

WD1691 and FD179X. The WD1691 outputs its PU or PD
signal, which is integrated by the .33uf capacitor and 33ohm
resistor to form a control voltage for the 74S124 VCO device.

The 4.0MHZ nominal output of the VCO then feeds back to

the WD1691 completing the loop. The WD2143-03 is also

used, providing write precompensation when in double-den-

sity, from tracks 44-77. The DDEN line can either be con-

trolled by a toggle switch or a logic level from the host

system.

ALIGNMENT

To adjust write precompensation, issue a command to

the FD179X so that write data pulses are present. This_can

be done with a 'WRITE TRACK' command and the IP'line

open, or a continuous WRITE SECTOR' operation. With a

scope on pin 4 of the WD1691, adjust the precomp pot for

the desired value. This will rangejrom 100 to 300 ns typically.

The pulse width set on pin 4 (01) will be the desired pre-

QQiTin Hojau from nominal.

The data separator must be adjusted with the RDD or

VFOE/WF line at a Logic I. Adjust the bias voltage poten-

tiometer for 1.4V on pin 2 of the 74S124. Then adjust the

range control to yield 4.0MHZ on pin 7 of the 74S124.

SUBSTITUTING VCO's

There are other VCO circuits available that may be sub-

stituted for the 74S124. The specifications required are:

1) The VCO must free run at 4.0MHz with a 1.4V control

signal. The WD1691 will force this voltage 1 Volt in

either direction (i.e., .4V = decrease frequency, 2.4V
= increase frequency). If a ± 15% capture range is

desired, then a 1 Volt change on the VCO input should
change the frequency by 15%. Capture range should

be limited to about ± 25%, to prevent the VCO from
breaking into oscillation and/or losing lock because of

noise spikes (causing abnormally quick adjustments of

the VCO frequency). Jitter in the VCO output frequency
may further be reduced by increasing the integration

capacitor/resistor, but this will also decrease the final

capture range and lock-up time.

2) The sink output current of the WD1691 is 3.2ma mini-

mum. The source output current is -200ua. Therefore,

source current is the limiting factor. Insure that the input

circuitry of the VCO does not require source current in

excess of -200ua.

Another alternative is to use a voltage follower/level

shifter circuit to match the input requirements of the VCO
chosen. A more complex filter can be used to convert the

PUMP UP/PUMP DOWN pulses to the varying DC voltage

signal required by the VCO, achieving an optimum condition

Isetween lock-up time and high frequency rejection.
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See page 481 for ordering information.

Information furnished by Western Digital Corporation is believed to be accurate and reliable. However, no responsibility is assumed by Western Digital

Corporation for its use; nor for any infringements of patents or other rights of third parties which may result from its use. No license is granted by

implication or otherwise under any patent or patent rights of Western Digital Corporation. Western Digital Corporation reserves the right to change

specifications at anytime without notice.
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WESTERN DIGITALCORPORATION
DM1883A/B Direct Memory Access Controller

FEATURES

• AUTOMATIC DAISY CHAINING OF BUS AND
INTERRUPT ACKNOWLEDGE SIGNALS
AUTO LOAD OPTION
SINGLE +5 VDC POWER SUPPLY
8 BIT BI-DIRECTIONAL DATA BUS
TRUE OR COMPLEMENT DATA BUS
8 CPU ADDRESSABLE DMAC REGISTERS
8 CPU ADDRESSABLE DEVICE REGISTERS
AUTOMATIC GENERATION OF DEVICE CS
DURING DMA AND CPU DEVICE ACCESSES
256K MEMORY ADDRESSING
64K PROGRAMMABLE PAGE PROTECTION
BYTE OR WORD DMA TRANSFERS
INTERRUPT AND BUS REQUEST CAPABILITIES

END-OF-BLOCK SHUT OFF BY DMAC
TIME-OUT INTERRUPT CAPABILITY
SINGLE CLOCK INPUT
CS, RE, WE, A0-A3 ADDRESSING
STOP REQUEST INPUT TO DELAY INTER-
RUPT OR BUS REQUESTS
COMPATIBLE WITH OUR FLOPPY DISC
CONTROLLERS
8 BIT PROGRAMMABLE INTERRUPT
IDCODE

GENERAL DESCRIPTION

The DM1883 Direct Memory Access Controller

(DMAC) is packaged in a 40 pin standard dual in-

line package. The chip requires a single +5 power
supply input and a single clock input. The device

contains 8 CPU addressable registers, and allows

for up to 8 CPU addressable device registers if the

automatic device chip select feature is used. Byte or

word transfers can be programmed, and all memory
DMA operations are handshaked for compatibility

with a variety ot bus structures. Up to 256K bytes of

memory can be accessed directly with 64K page
protection and nonexistent memory interrupt as

options. Bus and Interrupt Acknowledge signals are

internally daisy chained, and a STOP REQUEST
input prevents new requests while a current request

is active. Device accesses are not handshaked, and
a BUS HOLD feature is present for high speed

devices. Device interrupt input, end-of-block

output, and I/O read/write output pins simplify

hardware interfacing to the device and the CPU bus.

The AUTO LOAD feature allows automatic boot-

loading of up to 64K bytes or words into memory
starting at location zero. An SbitinterruptlDcodeis

also provided.

a
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"^:7'
40 :] INTR

39
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38 ID
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INTERFACE SIGNALS DESCRIPTIONS

PIN

NUMBER SIGNAL NAME SYMBOL FUNCTION

1 GROUND vss Ground

2 DATA REQUEST DRQ Data service request input from the peripheral device. A

3

DMA transfer is initiated v\^hen this signal goes high.

Active low bi-directional handshake signal for both CPUREPLY REPLY

4

and DMA transfers.

Bus acknowledge in. An active low input signal from theBACK IN BACKI
CPU or a previous device in the BACK daisy chain. When
low this signal will initiate a DMA transfer if the DMAC was

requesting a DMA cycle.

5, 23, 24, 25 REGISTER SELECTS A0-A3 These inputs select one of eight DMAC registers or one of

eight device registers. When A3 is high the DMAC is

selected. When A3 is low the DMAC is deselected and

DCS is made low by the DMAC to activate device trans-

fers. CS input to the DMAC must be made low before

6

either the DMAC or the device may be selected by the CPU.

Active low output signal to initiate a CPU bus request andBUS REQUEST BUSR
to latch A8-A15, A17 of the 18 bit DMA transfer address

7 Es

from DAL0-DAL7, AE8 into an external register.

Active low chip select input signal for CPU controlledCHIP SELECT

8

operations.

Bus acknowledge out. An active low outputsignal used toBACK OUT BACKO
pass BACKI along the daisy chain when the DMAC is not

requesting a DMA cycle. This output is not affected by

9 DCS

STOPR.

Active low device chip select output signal for CPU andDEVICE SELECT

10 RE

DMAC controlled operations.

Active low bi-directional read enable for the DMAC andREAD ENABLE

11 WE
the device.

Active low bi-directional write enable for the DMAC andWRITE ENABLE
the device. RE and WE are inputs during CPU controlled

operations, and outputs to the device during DMAC con-

12

trolled operations.

Active low output to initiate a memory read during DMAMEMORY READ MEMR

13

transfers to the peripheral device.

Active low output to initiate a memory write during DMAMEMORY WRITE MEMW

14 MR
transfers from the peripheral device.

Active low master reset signal to initialize the DMAC.MASTER RESET

15

16

CLOCK CLK Clock input

Active low memory sync output to initiate a memoryMEMORY SYNC MSYNC

17 R/W

access during DMA transfers.

This output indicates the direction of transfer for theREADAft/RITE

peripheral device. High for device-to-memory transfers

(READ), and low for memory to device transfers (WRITE).

18 LAL

Tied directly to Control Register bit 4.

Active low output signal to latch A0-A7, A16 of the 18-bitLOAD ADDRESS LOW
DMA transfer address from DAL0-DAL7, AE8 into an ex-

ternal register. BUSR and LAL are compatible with INTEL
8212 devices.
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PIN

NUMBER SIGNAL NAME SYMBOL FUNCTION

19

20

STOP REQUEST STOPR Active low input that prevents INTR and BUSR from going

low even if a request becomes active. An active INTR or

BUSR request will not be affected by this input going low.

This signal is used to speed up daisy chaining of bus and
interrupt acknowledge inputs, and to prevent new requests

while some other request is in the process of being serviced.

Interrupt acknowledge in. An active low input signal from

the CPU or a previous device in the lACK daisy chain. The
DMACjs selected when INTR is low and this signal goes
low. If RE also goes low while the DMAC is selected via this

signal then the interrupt ID code is gated onto DAL0-DAL7.

JACK IN lACKI

21

22

POWER SUPPLY Vcc
lACKO

+5 VDC power supply input

Interrupt acknowledge out. An active low output signallACK OUT
used to pass lACKI along the daisy chain when the DMAC
is not requesting an interrupt. This output is not affected

by STOPR.

26 TRUE DATA BUS TDB This input selects a true data bus on the DAL lines when
high or open, and a complemented data bus on the DAL
lines when low.

27 ADDRESS EXTENSION AE8 Address extension bit output. Used during DMA opera-

tions to extend the address to 18 bits. This bit is true ifTDB
is high and complemented if TDB is low.

28-35 DATA ACCESS LINES DAL0-DAL7 An 8-bit bi-directional three-state bus for CPU and DMAC
controlled transfers to and from the DMAC. These signals

remain in a three-state mode if the peripheral device is

selected via A3 instead of the DMAC.

36 BYTE OR WORD BOW Byte or word DMA transfer mode input. When high mem-
ory addresses are incremented by one after every DMA
transfer. When low memory addresses are incremented

by two after every DMAtransfer and the LSB of the memory
address is forced to zero.

37 AUTO LOAD AUTLD Active high input to initiate a non-programmed 64K device

to memory data transfer.

38 END OF BLOCK EOB Active high output to shut off the peripheral device when
the transfer count goes to zero.

39

40

DEVICE INTERRUPT DINTR

INTR

Interrupt service request input from the peripheral device.

An interrupt request is generated by the DMAC if this in-

put is high and the device interrupt enable bit in the com-
mand register is also set.

Active low interrupt service request output. This output

goes low if: 1 ) Any one of the three interrupt conditions is

active, and 2) The STOPR input is high, and 3) The corres-

ponding interrupt enable bit for the interrupting condition

is set.

INTERRUPT REQUEST

NOTE: The following pins float when not active low and re

INTR, REPLY, RE, V

quire an external pull-up resistor of 10 Kfi (or greater) to +5 VDC:

VE, MEMR, MEMW, MSYNC

The following pins have internal 10 Kfi pull-up resistors to +5 VDC:

TE D, DRQ, DINTR
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WIRE-ORABLE SIGNALS

The following output signals can be wired together

with a single common pull-up resistor if multiple

DMAC chips exist on the same board:

MSYNC, MEMR, MEMW, INTR

REGISTER SELECTION

A 4-bit address input (AO, A1, A2, A3) is used to

select one of 8 internal DMAC registers or to gener-

ate a device chip select (DCS) output signal for

selection of up to 8 peripheral device registers. The

following table details the selection process.

INPUTS OUTPUT SELECTED
REGISTERCS A3 A2 A1 AO DCS

L L X X X L One of 8 peripheral

device registers

L H L L L H DMAC control regis-

ter (0)

L H L L H H DMAC status register { 1

)

L

L

H

h'

L

L

H L H DMAC TC low register

(2)

H H H DMAC TC high regis-

ter (3)

L H H L L H DMAC MA low regis-

ter (4)

L H H L H H DMAC MA high regis-

ter (5)

L H H H L H DMAC MA ext regis-

ter (6)

L H H H H H DMAC ID code regis-

ter (7)

NOTE: L Low voltage level. H = High voltage level, X ^ don't

care

TRANSFER COUNT REGISTER (TCR)

A 16-bit counter register that holds the two's com-

plement of the transfer count (words or bytes) for

DMA transfer operations. The low order 8 bits are in

TC low, and the high order 8 bits are in TC high. The

count is incremented by one after every DMA
transfer. When the count reaches zero bit 3 of the

Status Register is set to a one. If bit 3 i n the Com-
mand Register is a lso a one then INTR will go low

(providing STOPR is also high). TCR is set to a one

on a MASTER RESET to allow a 64K transfer count

during auto load.

MEMORY ADDRESS REGISTER (MAR)
An 18-bit counter register that occupies 3 DMA
registers. Bits 0-7 are in MA low, bits 8-15 are in MA
high, and bits 16-1 7 are in MA ext. The carry from bit

15 to 16 is enabled if and only if bit 6 of the Com-
mand Register is set to a one. If the BOW input pin is

high then the MAR is incremented by one after every

DMA transfer. If the BOW input pin is low then the

MAR is incremented by two after every transfer and

bit is forced to a zero. This register is cleared to all

zeros on a MASTER RESET.
DTH-Tng a DMA operafibn the

onto the DAL lines in two 9-bit bytes. The first byte

out contains MAR 8-15 on DAL 0-7 and MAR 17 or

AE8. The second byte out contains MAR 0-7 on DAL
0-7 and MAR 16 on AE8. The first byte is valid on the

trailing edge of BUSR, and the second byte is valid

on the trailing' edge of LAL. Note that the address

can easily be extended to 24 bits by decoding the

address of the 2-bit extension register externally

and gating the 6 unused bits into an external latch.

This would give the system 16 Mbytes of addressing

with either 65K or 256K bytes of paging.

REGISTER DEFINITIONS

7 6

DMAC CONTROL REGISTER (CR)

5 4 3 2

N/A

BIT

AECE

SYMBOL

RUN

DIE

TOIE

TCIE

lOM

HBUS

HBUS lOM TCIE TOIE DIE RUN

FUNCTION

Run/stop bit. A 1 places the DMAC in the run mode. A terminates DMAC operation.

Device interrupt enable. A 1 allows a high input on DINTR to set the INTR output low.

Time-out interrupt enable. A 1 allows the time-out one-shot to set the INTR output low.

The time-out inte rrupt is set during a DMA transfer if REPLY does not go tow within

5 usee of MSYNC going low.

Transfer count zero interrupt enable. A 1 allows a zero in the transfer count register to

set the INTR output low.

Input or output mode. A 1 sets READ mode (from the peripheral device to memory),

and a sets WRITE mode (from niemory to the peripheral device). This bit also appears

as an ungated output on the R/W pin.

Hold bus. A 1 informs the DMAC to hold onto the bus for the entire block instead of

releasing the bus after each byte or word transfer.
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BIT SYMBOL FUNCTION

6

7

AECE

N/A

Address extension carry enable. A 1 allows a carry from DMA address bit 15topropo-
gate into bit 16.

Not used.

NOTE: Bits 1, 2, 3 set INTR low on an active condition if and only if the STOPR input is high.

DMAC STATUS REGISTER (SR)

7 6 5 4 3 2 1

00
00

03

BUSY AECE HBUS lOM TCZI TOI DINT BOW

BIT SYMBOL FUNCTION

BOW

DINT

2 TOI

3 TCZI

4 lOM

5 HBUS

6 AECE

BUSY

Byte or word data channel. A read only bit that indicates the status of the BOW input

pin. A 1 bit indicates byte mode, and the DMA memory address is incremented by one
after each DMA transfer. A bit indicates word mode, and the DMA memory address is

incremented by two (bit is forced to a 0) after every DMA transfer.

If set a device interrupt has occurred. This is a read/write bit. Resetting this bit to a zero

will reset INTR.

If set a time-ou t inte rrupt has occurred. This is a read/write bit. Resetting this bit to a

zero will reset INTR.

If set a transfer count equals zero interrupt has occurred. A read only bit. Sets EOB
output when set.

Input-output mode. This bit reflects the status of bit 4 in the Command Register. A read

only bit.

Hold bus. This bit reflects the status of bit 5 in the Command Register. A read only bit.

Address extension carry enable. This bit reflects the status of bit 6 in the Command
Register. A read only bit.

Busy (data transfer not completed). A read only bit that reflects the status of bit (RUN)
in the Command Register.

NOTE: Bits 1, 2, 3 are set if the corresponding condition occurs. The enable bits in the CR affect only the INTR output, and not the

Status Register.

ID CODE REGISTER (IDR)

An 8-bit programmable interrupt ID code register

that gives the system an efficient way to establish a

jump or vector address during a DMAC interrupt.

The register is cleared to all zeros during a MASTER
RESET, and must be loaded by the prog ram du ring

system initialization. If INTR is low, and lACKI and
RE go low then the conten ts of th^is register are

gated onto DAL 0-7 lACKI and CS must not be
allowed to be low at the same time.

MASTER RESET

All register bits are reset to a zero during a MASTER
RESET except the following which are set to ones:

TCR bit 0, CR4, CR5, CR6, SR4, SR5, and SR6. This

sets up the DMAC for a 64K transfer from the per-

ipheral device to memory starting at address 0. The
hold bus mode is also enabled. Execution of an Auto
Load will begin DMA transfers under the above
conditions.

AUTO LOAD

If the AUTLD input is made active after a MASTER
RESET then bits CR3, CR1, and CRO are also set.

This places the DMAC in run mode, and enables two
of the interrupt conditions. The DMAC will initiate

data transfers, and will continue until either the

transfer count reaches zero or a device interrupt

occurs. Either event will terminate transfers and
generate an interrupt.

WRITE PROTECT FEATURE

During CPU controlled transfers to the DMAC, if the

RUN bit is set then any attempt to write into any of

the Memory Address or Transfer Count registers

will result in a NOP. REPLY will be made low in any
case.

CPU CONTROLLED DATA TRANSFERS

During a CPU controlled transfer the CPU must
have control of the system bus. When a CPU cycle is
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initiated the system decodes the address on the bus.

If the DMAC or its associated peripheral device is

selected then CS to the DMAC is made low. The

DMAC looks at the A3 input. If A3 is low the per-

ipheral device is selected, and DCS is made low. The

DMAC will not respond to an active RE orWE if A3 is

low, and the DAL bus will stay in a high impedance

state. This allows the DMAC DAL bus and the device

DAL bus to be tied together if the device DAL bus is

also in a high impedence state when the device is

not selected.

If A3 is high when CS is low then the D^AC isselec-

ted and will respond to an active low RE or WE. AO-

A2 selects the DMAC as described under the

REGISTER SELECTION section. If RE goes low the

DMAC places the contents of the selected register

on the DAL bus and activates REPLY to inform the

CPU that valid data is on the bus. If WE goes low the

DMAC gates the contents of the DAL bus into the

selected register and activates REPLY to inform the

CPU that data has been accepted.

If the peripheral device has more than 8 registers, or

the device has fewer than 8 registers and there are

one or more auxiT]ai7 i'egisters exTemal ro the

device, then it may be easier for the user to separate

DMAC and device chip selects. In this mode CS to

the DMAC is activated if and only if the DMAC is

selected and A3 is tied to +5 VDC. The chip select to

the device from a CPU controlled data transfer is

ORed with DCS out of the DMAC. In this mode DCS
will go low if and only if a DMA transfer is in effect

and can be used by the controller as a "DMA ACTIVE"
signal. Note that in any case actual data transfers to

and from the CPU and the peripheral device are done

by way of the device's DAL bus, not the DMAC's DAL
bus.

DMAC CONTROLLED DATA TRANSFERS

When the DMAC is in RUN mode (CR0=1) it waits

for a Data Request (DRQ) input from the peripheral

device. When DRQ becomes active the DMAC
requests the bus from the CPU by activating BUSR.

If STOPR was active when DRQ went active then the

DMAC wou ld wai t until STOPR went high before

activating BUSR. When BACKI goes low in

response to an active BUSR the request has been

granted and the DMAC controls data transfers

between the peripheral device and memory. The

direction of the transfer is_determined by the status

ofjhe READ/WRITE (R/W) output pin. Note that

R/W is tied directly to CR4.

1.) DEVICE-TO-MEMORY DMA TRANSFERS
(CR4=1)

Once the DMAC has been granted the bus the

following occurs:

A.) The DMAC places the high byte of the mem-
ory address on the DAL lines, activates DCS,

and then raises BUSR. The trailing edge of

BUSR can be used to latch the address into

an external buffer.

B.) The DMAC places the low byte of the mem-
ory address on the DAL lines wh ile activating

LAL, and then activates MSYNC. The trailing

edge of LAL can be used to latch the address

into an external buffer

C.) The DAL lines are placed into a high

impedence state in anticipation of a data

transfer across the bus.

D.) The DMAC activates RE and then activates

MEMW.

2.)

E.) The DMAC waits for REPLY to go low. When
REPLY is active the DMAC deactivates MEMW
and then deactivates RE.

F.) If the DMAC is not in hold bus mode (CR5=1

)

then the DMAC deactivates DCS and gives

up control of the bus . If the DMAC is in hold

bus mode then DCS remains low until after

the completion of the final data transfer.

Note that BUSR still cycles for every

transfer.

G.) After the completion of every data transfer

the memory address register is incremented

by one in byte mode or two in word mode.

H.) After the completion of every data transfer

the transfer count is incremented by one.

Transfers are considered to be completed

when the transfer count equals zero.

MEMORY-TO-DEVICE DMA TRANSFERS
(CR4=0)

Once the DMAC has been granted the bus it

goes through the same steps as in the DEVICE-

TO-MEMORY mode with the exception of steps

"D" and "E" which are as follows:

D.) The DMAC activates MEMR and then acti-

vates WE.

E.) The DMAC waits for REPLY to go low. When
REPLY is active the DMAC deactivates WE
and then deactivates MEMR.

In either mode BACKI will be gated ou t to BACKO
as soon as the DMAC deactivates DCS. This allows

other devices in the chain to gain access to the bus

immediately.

INTERRUPTS

There are three individually enabled interrupt condi-

tions. If any of the conditions occurs it will set its cor-

responding bit in the Status Register. If the
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appropriate enable bit in the Command Register is

set then INTR is also activated. Note that these are

independent functions. When INTR is active then the

DMAC can be selected by an active lACKI instead of

an active CS. CS and lACKI must not both be active

at the same time.

ADDRESS BUS

7S
(HIGH BYTE)

BUSR-

7^
7 L

8-BIT
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DMAIP—•
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DAL BUS
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^ DINTR ..X—Z-o^
^ DRQ ^"—^ DRQ

INTR
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1771
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DISK

INTERFACE
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DMAIP

DMAIP
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00
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LiJ_Jcs43^

> Q

UJ •^

O Q-
O

DMAREO

CONTROL BUS

TYPICAL DMAC TO FDC APPLICATION
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Once an interrupt condition sets its corresponding

bit in the status register the bit stays set until a CPU
write to the status register occurs with a zero in the

bit position.* If any one (or more) of the three inter-

rupt condition bits in the Status Registe r is set then

lACKI will not be gated out to lACKO even if the

interrupt is not enabled.

NOTE: For a transfer-count-equals-zero interrupt condition to be
cleared the Transfer Count Register must be loaded with

a non-zero count.

The three interrupt conditions are as follows:

1.) DEVICE INTERRUPT (DINT)

A device interrupt condition occurs when the

DINTR input is made high. This sets SRI and, if

CR1 is set, it activates INTR. The RUN bit is also

reset thus terminating all subsequent DMA
transfers. A device interrupt could be generated

by a number of causes, and the program will

have to test the device's Status Register to deter-

mine the cause of the interrupt. The DINT status

bit in the DMAC Status Register must be cleared

by the program as a part of the interrupt service

routine

2.) TRANSFER COUNT EQUALS ZERO
INTERRUPT (TCZI)

When the TCR is incremented to zero after a

DMA transfer the TCZI status bit (SR3) is set and
the RON bit (CRO) is reset. This terminates all

DMA operations and, if CR3 is set, activates

INTR. SR3 can be cleared only by loading a non-

zero value into the TCR. The EOB output pin is

high whenever SR3 is set.

3.) TIME-OUT INTERRUPT (TOI)

During any DMA transfer the leading edge of

MSYNC triggers an internal time delay of

approximately 5 microseconds. If the DMAC
does not receive an active low REPLY input

within that time delay then the DMA operation is

terminated, the RUN bit is reset, and the TO I

status bit (SR2) is set. If CR2 is set then INTR is

activated. SR2 can only be cleared by writing a

zero into that position of the Status Register.

INTERRUPT OPERATION

When the DMAC activates INTR the CPU responds

by activating lACKI. This signal can be daisy

chained through all devices. The first device in the

chain that has any bit in SR1-SR3 set will block the

gating of lACKI outto lACKO. In addition, if INTRjs
active an lACK I will select the DMAC. An active RE
after an lACKI select will gate the contents of the

interrupt ID code register onto the DAL lines. The ID

code stays active on the DAL lines as long as lACKI

and RE are active. This code, which is cleared to zero

by a MASTER RESET and loaded by the program

during system initialization, can be used by the

system to create a JUMP or VECTOR address for the

device interrupt routine. Note that an active CS
during a DMAC select via an active lACKI will cause

unspecified results. Note also that no condition can

activate INTR u nless its corresponding enable bit is

set and STOPR is high. If STOPR is active when the

interrupt condition occurs then the DMAC will hold

INTR inactive until STOPR goes inactive. At that

time the DMAC will activate INTR automatically.

DMA PRIORITY SYSTEMS
Fixed Priority

A fixed priority can be established in two ways:

through a parallel request-grant system or through

a CPU controlled daisy chain system. A typical

asynchronous parallel DMA priority system is

shown . In this system any request generates an
active STOPR, which is gated to all devices, and an

active DMA request to the CPU. The CPU DMA
grant generates a grant to the requesting device

with the highest priority. If more than one request is

received at the same time then the grants are
._^^^^_^^ ^^^^ ^_^._,^^^_„ _^ ^^^ „^^^ ^^,^^.^^ ^^

most cases, however, grants are not received simul-

taneously. The highest priority devices, therefore,

will receive most of the immediate grants with the

others being delayed by an active STOPR.

REQUEST
INPUTS

DMARO -

DMAR1 —

DMAR2 —
DMAR3 —

DMAR4 —

DMAR5-
DMAR6-

10
0MAR7 —

T DMA GRANT
(FROM CPU)

-DMA REQUEST (TO CPU)

STOPR
(TO ALL DMACs)

GRANT
OUTPUTS

DMAGO

DMAG1
— DMAG2

DMAG3
— DMAG4

DMAG5
— DMAG6

DMAG7

ASYNCHRONOUS PARALLEL
DMA PRIORITY SYSTEM

Establishing a fixed priority system through a daisy

chain approach requires the CPU monitor a "DMA
IN PROGRESS" signal on the bus. This signal can
be generated from DCS during a DMA transfer (i.e.,

DCS-CS). In this mode the CPU activates BACK!
and STOPR in response to some bus request.

STOPR is tied to all DMA controllers to prevent new
bus requests while BACKI is propagating through

all non-requesting DMAC devices. When the

requesting DMAC gains control ove r the bus and
activates DCS the CPU drops B.AGKI*. When DCS is

deactivated the CPU deactivates STOPR to allow

new requests. In this manner the device physically
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closest to the CPU on the daisy chain has highest

priority for all request cycles.

NOTE: BACKI and STOPR can be dropped at the same time with

no effect on the priority scheme but the CPU may have

to capture new requests until DCS goes high.

Rotating Priority

This is a daisy chain approach that prevents one
device from getting most of the bus grants if multiple

devices are active at the same time. In this mode any

device requesting the bus causes the CPU to activate

BACKI. This signal is tied to the BACK I and STOPR
inputs of the first DMAC. The BACKO output of the

first DMAC goes to the BACKI and STOPR inputs of

the second DMAC, and so on. The BACKO output of

the last DMAC in the chain goes back to the CPU to

reset its BACKI output. In this mode the first device

cannot request again until all other requesting

devices in the chain have also been serviced.

In any case, if the CPU has to have the DMA request

held active throughout the DMA cycle then the user

will have to create this signal qnthe controller thusly:

DMAREQ = BUSR + (DCS-CS). If the device and
DMAC chip selects are generated on the controller

separately then the CS can be eliminated from the

equation. It is needed only to distinguish a CPU chip

select from a DMA cycle chip select. Note that in

either case the second term in the equation is equiva-

lent to "DMA CYCLE IN PROGRESS" (DMAIP).

SPECIFICATIONS
Absolute Maximum Ratings

Ambient Temperature Under Bias...O°C to +70°

C

Voltage on Any Pin with Respect

to Ground -0.5V to +7V
Power Dissipation 0.6 Watt

DC Electrical Characteristics

Ta = 0°C to +70° C; Vqc = 5.0V ±5%; GND =0V

NOTE: Maximum ratings indicate limits beyond which perma-
nent damage may occur. Continuous operation at these

limits is not intended and should be limited to those con-

ditions specified under dc electrical characteristics.

SYMBOL PARAMETER MIN. TYP. MAX. UNIT TEST CONDITIONS

V|L Input Low Voltage -0.5 0.8 V

V|H Input High Voltage 2.4 Vqc V

Vol Output Low Voltage 0.45 V Iql = 1-6 mA

VOH Output High Voltage 2.4 V l0H = -100 juA

'dl Data Bus Leakage -50

10

UA
JjA

V|N = 0.45V

V|N = Vcc

'IL
Input Leakage 10 JuA V|N=" Vcc

'cc Power Supply Current 45 90 mA

NOTE: VOL $0.4V when interfacing with low power Schottky parts (Iql <1 friA).

Capacitance

Ta = 25° C; Vqq = GND = OV

SYMBOL PARAMETER MIN. TYP. MAX. UNIT TEST CONDITIONS

C|N

C|/0

Input Capacitance

I/O Capacitance

10

20

pF

PF

fC = 1 MHz

Unmeasured pins

returned to GND.

System Clock (CLK) Characteristics

Maximum Frequency = 2.0 MHz

Minimum Pulse Width = 250 ns

Maximum Pulse Width = 50% of duty cycle

00
00

00
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ADDRESS BUS

CS

RE

REPLY

DATA BUS

ADDRESS BUS

ci

DATA BUS

wi

REPLY

1-AR—

^

<
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1

^WD— 1

1

Tdw^ ^
\

1
1 1

'

1 ^ M
''^WR ^ h * [- ^WR

CPU CONTROLLED TRANSFER

CYCLE

CLK

DRQ

BUSR

DAL

LAL

_n
z^-

rr n n. rr

\.

NOTE 2 \

^SET -*!

J

t^+
-T-t

ADDRESS HIGH BYTE"

XLT _ 1 ^

i^t
il*3

U-t- ADDRESS LOW BYTE

^1 1^ [zT

- •

I^

>=!-
V.<;U5 -^ .*-

1

^

s=
'CSV2

n
—

^!^
I

I

DCS
BUSR t FOLLOWS SECOND CLK t AFTER DRZ t.

a. CYCLE 2 IS SKIPPED FOR ALL SUBSEQUENT TRANSFERS WHEN IN THE HOLD MODE, I.E.,

REMAINS LOW FOR ENTIRE BLOCK OF TRANSFERS.
b. FOLLOWING BUSR i WITH DCS HIGH (I.E., REQUESTING BUS CONTROL), THE DMA WILL ADD WAIT

CYCLES BETWEEN CYCLES 2 AND 3 UNTIL BACK1 i IS RECEIVED.
CYCLE 7 WILL BE REPEATED FOR EACH ADDITIONAL PERIOD THAT REPLY i IS DELAYED TO THE DMA.
CYCLE 7 WILL BE SKIPPED (I.E., MEMW (WE) PULSE WIDTH = 1/2 CLK PERIOD) IF REPLY IS MADE LOW
PRIOR TO CLK i OF CYCLE 6 (E.G., REPLY TIED TO GND DURING DMA TRANSFER).

EOB IS ACTIVATED ONLY FOR THE TRANSFER WHERE TCR INCREMENTS FROM 11 ... 1 TO 00 ... (I.E.,

END OF BLOCK).
TO INSURE PROPER LOADING OF DAL BUS CONTENTS INTO THE CONTROLLER REGISTERS, THE WE
PULSE WIDTH MUST BE GREATER THAN OR EQUAL TO ONE CLK PERIOD. THIS REQUIREMENT CAN ALSO
BE SOLVED OFF CHIP BY TRIGGERING vVE t (TRAILiNG EDGE) WiTH CLK *.

DMA CONTROLLED TRANSFER TIMING
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AC Electrical Characteristics

Ty^ = 0°C to +70° C; ^qq - 5.0V t5%; GND OV

SYMBOL DESCRIPTION MIN MAX. UNIT COND

CPU CONTROLLED TRANSFER TIMING - READ

Tar Address Valid to RE"| 80 ns

TCR CS f to REf ns

Tre RE Pulse Width 300 ns

Trdv

Trr

REtto Data Valid

50

375

350

ns

ns

CL = 50 pF

CL -- 50 pFRE 1(4) to REPLY 1(4)

Tra Address Hold from RE 4 30 ns

Trc CS Hold from RE 4 ns

Trdf Data Float from RE4 200 ns

CPU CONTROLLED TRANSFER TIMING - WRITE

Taw Address Valid to WE + 80 ns
i

Tew CS 1 to WEf ns 1

tdw Data Valid to WE 4 300 ns CL - 50 pF

TWE

TwR

WE Pulse Width 300

50 350

ns

ns

i

i

WE t (4) to REPLY t (4) CL ^ 50 pF

Twa Address Hold from WE 4 30 ns {

;
Twc CS Hold from WE 4 ns \

1
T\A/D Data Hold from WE 4 30 ns

!

1

SYMBOL DESCRIPTION MIN TYP MAX. UNIT COND 1

DMA CONTROLLED TRANSFER TIMING

TCSV1 Indicated CLK Edge to Indicate Signal Valid 150 250 ns CL - 50 pF

TCSV2 Indicated CLK Edge to Indicated Signal Valid 250 400 ns CL = 50 pF

Tas

Tah

DAL Set Up to BUSR 4 or LAL t(4) 80

50

ns

ns

CL - 50 pF

CL - 50 pFDAL Hold from BUSR 4 or LALt(4)

Tldf LAL 4 to DAL Float 250 ns CL = 50 pF

TSET Indicated Signal Setup to Indicated CLK Edge 80 ns

MISCELLANEOUS TIMING ( t 1 CLOCK PERIOD)

CSt(+)Jo DCS 1 (I^Propogation Delay

(for A3 Ic w) 150 250 ns CL - 50 pF

lACKI t{4) to lACKOt (4) Propogation Delay

when No t Requesting Interrupt

(4) to BACKOt (4) Propogation Delay

150 250 ns CL - 50 pF

BACKll
when Not Requesting Bus 150 250 ns CL - 50 pF

MR Pulsf3 Width 2t

ITDINTR, /\UTLD, DRQ, REPLY Pulse Width

BOW \ (1 or iL^DT yfi oGi ^jp 500

IT -400

ns

ns

ns

CL - 50 pF

CL 50 pF

Waiting NTR 4 or BUSR 4 from STOPR 4

rom DINTR 4INTR tf 1.5T' 400

00
00
CO

CD

NOTE: A 1 TTL load is assumed on all output signals
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See page 481 for ordering information.

00
00
CO

OS

Information furnished by Western Digital Corporation is believed to be accurate and reliable. However, no responsibility is assumed by Western Digital

Corporation for its use; nor for any infringements of patents or other rights of third parties which may result from its use. No license is granted by

implication or otherwise under any patent or patent rights of Western Digital Corporation. Western Digital Corporation resen/es the right to change

specifications at anytime without notice.
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WESTERN DIGITALCORPORAT/ON
WD214303 Four Phase Clock Generator

o
lO

6FEATURES
• IMPROVED VERSION OF WD2143-01

• TRUE AND INVERTED OUTPUTS
• SINGLE 5 VOLT SUPPLY
• TTL COMPATABLE
• ON CHIP OSCILLATOR
• TTL CLOCK INPUT
• TTL CLOCK OUTPUTS
• PROGRAMMABLE PULSE WIDTHS
• PROGRAMMABLE PHASE WIDTHS
• NO EXTERNAL CAPACITOR

GENERAL DESCRIPTION
The WD2143-03 Four-Phase Clock Generator is a MOS/

LSI device capable of generating four phase clocks. The out-

put pulse widths are controlled by tying an external resistor

to the proper control inputs. All pulse widths may be set to

the same width by tying the t^PW line through an external re-

sistor. Each pulse width can also be individually pro-

grammed by tying a resistor through the appropriate <^1PW

—

(A4PW control inputs.

04C 1 18 D vcc

04C 2 17 ^ 0PW

03 C 3 16 ;^ 04 pw

<^3 1Z 4 15 ^ 03PW

0ilZ 5 14 ;Z 02PW

02 C 6 13 I] 01PW

0T[I 7 12 ID NC

01 (z 8 11 I] STB IN

GND C 9 10 Unc

PIN DESIGNATION

iJIPW

STB IN y-

02 PW y

03 PW 'y-

04PW )-

0PW y-

OSC
^NA\—^^

T Q

02

Q

-AVV ^•-

T Q

02

Q

->V\\ ^'

T Q

03

Q

-A/W ^^

T Q

04

Q

01

0?

02

02

03

03

04

Figure 1 WD2143-03 BLOCK DIAGRAM

DEVICE OPERATION

Each of the phase outputs can be controlled individually by

typing an external resistor from 61 PW-<i)4PW to a +5V sup-

ply. When it is desired to have i>\ through 04 outputs the

same width, the 01 PW-04PW inputs should be left open and

an external resistor tied from the 0PW (Pin 17) input to

+ 12V.

STROBE IN (pin 11) is driven by a TTL square wave. Each of

the four phase outputs provide t)oth true and inverted

signals, capable of driving 1 TTL load each.
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PIN NUMBER SYMBOL DESCRIPTION

1,3,5,7 "^—04 Four phase clock outputs. These outputs are inverted (active low).

2, 4, 6, 8 (^1-(^4 Four Phase clock outputs. These outputs are true (active high).

9 GND Ground

10 NC No connection

11 STB IN Input signal to initiate four-phase clock outputs.

12 NC No connection

13-16 <MPW-(f.4PW External resistor inputs to control the individual pulse widths of each output.

These pins can be left open if 0PW is used.

17 (iPW External resistor input to control all phase outputs to the same pulse widths.

18 Vcc -I-5V ± 5% power supply input

Table 1 PIN DESCRIPTIONS

TYPICAL APPLICATIONS

10K '^

i
—

^ 4 ' fi
*

ffl 2 5 m
—

3 3 OT

M 19 1 w

WD1691
.

WD214

STB

2K

„

}
i 1

?

Figure 2 WRITE PRECOMP OPERATION WITH F.S.L.

WD1691

11
7400 \>

i

STB IN

WD2143-03

Figure 3 TTL SQUARE WAVE OPERATION

+ 5 _|—

1

' 1 13

1 n
8STB IN

^-<vAa, aipw <*1 ^.dbl

14
02PW *2

WD2143-03

6
3^<b2

^ 15
03PW *3 ±^^> <b3

1—^AA
16

04PW dA
2—

i

^M
10K

Figure 4 EQUAL PULSE WIDTH OUTPUTS Figure 5 INDIVIDUAL PULSE WIDTH OUTPUTS
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Figure 6 WRITE PRECOMP FOR FLOPPY DISK

o

o

Figure 7 WD2143-03 TIMING DIAGRAM

SPECIFICATIONS

Absolute Maximum Ratings

Operating Temperature

Voltage on any pin with

respect to Ground*

Power Dissipation

Storage Temperature

0°to +70° C

-0.5 to +7V

1 Watt

plastic -55° to +125° C

ceramic -65° to +150°C

Note: Maximum ratings indicate limits beyond which perma-

nent damage may occur. Continuous operation at these limits

is not intended and should be limited to the DC electrical char-

acteristics specified.

*Pin 17 = -0.5V to +12V. Increasing voltage on Pin 17 will

decrease Tp^.

DC ELECTRICAL CHARACTERISTICS

V„^ = 5V ±5%, GND = OV, T. = 0° to 70°G.
CC "

SYMBOL PARAMETER MIN. MAX. UNITS CONDITIONS

Vol TIL low level output 0.4 V iOL = 1-6mA

VOH TTL high level output 2.0 V iOH = -100mA

V|L STB in low voltage 0.8 V

V|H STB in high voltage 2.4 V

"CO Supply Cun-ent 80 mA All outputs open

Table 2 DC ELECTRICAL CHARACTERISTICS
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SWITCHING CHARACTERISTICS

Vcc =5V ± 5%, GND = OV Ta = 0° to 70° C

SYMBOL PARAMETER MIN. MAX. UNITS CONDITIONS

tPD STB !N to 01 140 ns

tpw Pulse Width (any output) 100 300 ns CL = 30pf

tPR Rise Time (any output) 30 ns CL = 30pf

tPF Fall Time (any output) 25 ns CL = 30pf

fs STROBE PULSE WIDTH 1.0 MS combined tpw = 400 ns

tDPW Pulse Width Differential ±10 % Referenced to 01, 100-300 ns.

Table 3 SWITCHING CHARACTERISTICS

NOTE: Tpw measured at 50% Vqh Point; Vql = 0.8V, VoH = 2.0V.

See page 481 for ordering information.

Information furnished by Western Digital Corporation is believed to be accurate and reliable. However, no responsibility is assumed by Western Digital
Corporation for its use; nor for any infringements of patents or otfier rights of third parties which may result from its use. No license is granted by
implication or otherwise under any patent or patent rights of Western Digital Corporation. Western Digital Corporation reserves the right to change
specifications at anytime without notice.

160 Printed in U.S.A



WESTERN DIGITALCORPORATION
WD9216-00/WD9216-01

Floppy Disk Data Separator — FDDS
o
CO
to

a>
oo
i
a
CO
lO

O)
o

FEATURES
• PERFORMS COMPLETE DATA SEPARATION
FUNCTION FOR FLOPPY DISK DRIVES

• SEPARATES FM OR MFM ENCODED DATA
FROM ANY MAGNETIC MEDIA

• ELIMINATES SEVERAL SSI AND MSI DEVICES
NORMALLY USED FOR DATA SEPARATION

• NO CRITICAL ADJUSTMENTS REQUIRED
• COMPATIBLE WITH WESTERN DIGITAL 179X,

176X AND OTHER FLOPPY DISK
CONTROLLERS

• SMALL 8-PIN DUAL-IN-LINE PACKAGE
• -1-5 VOLT ONLY POWER SUPPLY
• TTL COMPATIBLE INPUTS AND OUTPUTS

GENERAL DESCRIPTION

The Floppy Disk Data Separator provides a low cost

solution to the problem of converting a single stream

of pulses from a floppy disk drive into separate Clock

and Data inputs for a Floppy Disk Controller.

The FDDS consists primarily of a clock divider, a

long-term timing corrector, a short-term timing

corrector, and reclocking circuitry. Supplied in an 8-

pin Dual-ln-Line package to save board real estate,

the FDDS operates on -i- 5 volts only and is TTL com-

patible on all inputs and outputs.

The WD9216 is available in two versions; the

WD9216-00, which is intended for5V4" disks and the

WD9216^1 for 51/4" and 8" disks.

DSKD
\2_

1 8 H vcc

SEPCLK
\2.

2 7 ^ SEPD

REFCLK ^ 3 6 "^ CD1

GND Q 4 5 ^ CDO

PIN CONFIGURATION

REFCLK-

CDO-

CDV

DSKD-

CLOCK - +5V

DIVIDER

DATA/CLOCK
SEPARATION

LOGIC

PULSE
REGENERATION

LOGIC

'

EDGE
DETECTI""'

LOGIC
UN

SEPCLK

SEPD

FLOPPY DISK DATA SEPARATOR BLOCK DIAGRAM
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ELECTRICAL CHARACTERISTICS

MAXIMUM RATINGS*

Operating Temperature Range 0°C to + 70°C
Storage Temperature Range -55°Cto125''C
Positive Voltage on any Pin,

with respect to ground + 8.0V
Negative Voltage on any Pin,

with respect to ground - 0.3V

* Stresses above those listed may cause permanent
damage to the device. This is a stress rating only

and functional operation of the device at these or at

any other condition above those indicated in the

operational sections of this specification is not

implied.

NOTE: When powering this device from laboratory or

system power supplies, it is important that the

Absolute Maximum Ratings not be exceeded or

device failure can result. Some power supplies

exhibit voltage spikes or "glitches" on their outputs
when the AC power is switched on and off. In ad-

dition, voltage transients on the AC power line may
appear on the DC output. If this possibility exists it is

suggested that a clamp circuit be used.

OPERATING CHARACTERISTICS (Ta = 0Xto70°C, Vqc = + 5V± 5%, unless otherwise noted)

PARAMETER MIN. TYP. MAX. UNITS COMMENTS

D.C. CHARACTERISTICS
INPUT VOLTAGE LEVELS
Low Level V|l 0.8 V
High Level V|h 2.0 V

OUTPUT VOLTAGE LEVELS
Low Level Vql 0.4 V lOL = 1.6mA
High Level VoH 2.4 V IqH = - lOO^A

INPUT CURRENT
Leakage I|l 10 mA 0<V|n<Vdd

INPUT CAPACITANCE
All Inputs 10 PF

POWER SUPPLY CURRENT
IDD 50 mA

A.C. CHARACTERISTICS
Symbol
fCY REFCLK Frequency 0.2 4.3 MHz WD 9216-00

fCY REFCLK Frequency 0.2 8.3 MHz WD 9216-01

tCKH REFCLK High Time 50 2500 ns

tCKL REFCLK Low Time 50 2500 ns
tSDON REFCLK to SEPD "ON" Delay 100 ns

tSDOFF REFCLK to SEPD "OFF" Delay 100 ns

tSPCK REFCLK to SEPCLK Delay 100 ns

toLL DSKD Active Low Time 0.1 100 MS
tDLH DSKD Active High Time 0.2 100 MS

REFCLK

.

SEPD

SEPCLK

DSKD

t^tcKH*-
.tCY.

^.

rfCKL^

tSDON

^r-^^^i ^^ \^^'—

\

/
tSDOFF

tSPCK

"Nd

-tDW-

4t_

}Z

r
jh

Figure 3. AC CHARACTERISTICS
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DESCRIPTION OF PIN FUNCTIONS

PIN
NUMBER PIN NAME SYMBOL FUNCTION

1 Disk Data DSKD Data input signal direct from disk drive. Con-

tains combined clock and data waveform.

2 Separated Clcx;k SEPCLK Clock signal output from the FDDS derived

from floppy disk drive serial bit stream.

3 Reference Clock REFCLK Reference clock input.

4 Ground GND Ground.

5,6

7

Clock Divisor CDO, CD1

SEPD

CDO and CD1 control the internal clock divider

circuit. The internal clock is a submultiple of the

REFCLK according to the following table:

CD1 CDO Divisor

1

1 2

1 4

1 1 8

SEPD is the data output of the FDDSSeparated Data

« Power Supply vcc + 5 volt power supply

o

oo
i
o
(O
lO
_^
o>
o

4 MHz CRYSTAL
OSCILLATOR

FLOPPY
DISK
DRIVE

DISK DATA

REFCLK

1MHz

SEPD

DSKD
WD9216-00, 01

SEPCLK
CDO CD1

GND GND

REGENERATED DATA

DERIVED CLOCK

CLK
RAW READ
WD179X, 176Xor Equiv.

FLOPPY DISK
CONTROLLER

RCLK

Figure 1.

TYPICAL SYSTEM CONFIGURATION
{5Va " Drive, Double Density)

OPERATION

A reference clock (REFCLK) of between 2 and 8 MHz
is divided by the FDDS to provide an internal clock.

The division ratio is selected by inputs CDO and CD1.

The reference clock and division ratio should be

chosen per table 1.

The FDDS detects the leading edges of the disk data

pulses and adjusts the phase of the internal clock to

provide the SEPARATED CLOCK output.

Separate short and long term timing correctors

assure accurate clock separation.

The internal clock frequency is nominally 16 times

the SEPCLK frequency Depending on the internal

timing correction, the internal clock may be a

minimum of 12 times to a maximum of 22 times the

SEPCLK frequency

The reference clock (REFCLK) is divided to provide

the internal clock according to pins CDO and CD1.
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TABLE 1:

CLOCK DIVIDER SELECTION TABLE

DRIVE DENSITY REFCLK
(8''or5V4") (DDorSD) MHz CD1 CDO REMARKS

8 DD 8
^8

8
SD
SD

8
4

1 > Select either one

5V4

5V4

DD
DD

8
4

1
> Select either one

5V4 SD 8 1 ^1

5V4

5V4

SD
SD

4

2
1 > Select any one

INTCLK JlJlJlJlJlJlJlJlJnjlJTJnjlJTJlJlJT^^

SEPCLK

SEPD
T-T

u
always two internal clock cycles

Figure 2.

See page 481 for ordering information.
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